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THE microscopic annelids constituting the family Naidide of 
the subclass Oligocheta are a group which has received little 
attention in America. Michaelsen (:00) in his monograph of 
the Oligocheta recognized 42 species from various parts of the 
world and of that number only 6 were noted as occurring in our 
territory although observations made by Smith (:00) and noted 
in the appendix (“‘Zusitze und Berichtigungen’’) increased the 
number to 12. While this, taken in connection with the fact 
that the observations have been confined almost entirely to two 
localities, the one in Pennsylvania the other in Illinois, furnishes 
sufficient justification for a review of the Naidide occurring at 
Cedar Point, Ohio, some contemplated studies of a statistical 
nature rendered a preliminary survey of several groups of fresh- 
water organisms desirable for the purpose of ascertaining which 
could be used most advantageously in the problems under con- 
sideration. Consequently the present paper is purely from a 
systematic standpoint, and although a considerable number of 
specimens have been fixed, stained, and mounted, and a few im- 
bedded and sectioned, no attention beyond that necessary to dif- 
ferentiate the species has been given to anatomical or histological 

structure. 

In addition to the interest attached to the study of these organ- 
isms upon the side of pure science, as outlined above, the fact 
that they play a réle of decided economic importance must not 
be overlooked. The relation of the microscopic organisms or 
“plankton,” accepting the definition in its broadest sense, to the 
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distribution of food fishes is a subject which has received increas- 
ing attention during the past twenty years. Inasmuch as the 
food of fishes is made up chiefly of small Crustacea, insect larvee, 
minnows, etc., the existence of these being in turn dependent on 
microscopic forms, among which the Naids occupy an important 
position, it is evident that the distribution of such microscopic 
organisms controls to a large extent the fish supply in any given 
locality. 

The somewhat unique location of Cedar Point with the open 
lake on the north and a portion of Sandusky Bay extremely rich 
in aquatic vegetation on the south, renders the Lake Laboratory 
situated there a station particularly well adapted to the study of 
the animal and plant life occurring in fresh water and to the inves- 
tigation of the various problems of biological importance con- 
nected therewith. 

The present study was carried on at the laboratory during a 
period of six weeks in July and August, 1905, the greater portion 
of the time, however, being occupied with other work. Con- 
sequently the record of species is undoubtedly far from complete, 
although 10 species, 7 of them new to science, are noted. The 
large proportion of new forms indicates the present condition in 
regard to the systematic study of the Naids in the United States, 
and while the writer has no wish to be classed as a “ species maker,” 
nevertheless it is important to lay the foundations for future bio- 
logical studies by first considering those groups containing indi- 
viduals resembling each other sufficiently well to be called “‘ species.” 

The principal papers dealing wit» American Naids outside of 
the excellent monographs of Michau.sen (: 00) and Beddard (’95), 
are those of Leidy (’50a, ’50b, 52a, ’52b, ’80), Minor (’63), Reigh- 
ard (’85), Cragin (’87), and Smith (’96 and :00). In addition 
to these, papers indispensable to the student of the group have 
been published by Beddard, Benham, Bourne, Bousfield, Bret- 
schner, Michaelsen, Tauber, and Vejdovsky, that of the last author 
being classical in its morphological treatment of the forms. The 
majority of these papers are either in the library of the writer, or 
in the library of the department of biology of Kenyon College. 
Mention should here be made of the courtesies extended by the 
American Museum of Natural History, New York, the library 
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of Cornell University, and the Museum of Comparative Zodlogy 
of Harvard University, in the loan of literature otherwise inaccessi- 
ble. I am furthermore greatly indebted to Samuel Henshaw of 
the Museum of Comparative Zoélogy for noting certain references. 

The studies of the various species were made primarily from 
living specimens, all figures having been drawn with the aid of 
the camera lucida at the magnification noted in each instance. 
The most satisfactory method was that of transferring the Naid 
from the culture by means of a pipette to a watch-glass and sub- 
sequently to a drop of water on a slide, then placing over the drop 
a cover-glass the margin of which was supported by an extremely 
thin wooden wedge. After a time the specimens, without undue 
compression, would become quiet and outline drawings could be 
made with the camera. Specimens to be mounted were fixed 
with hot sublimate-alcohol (sublimate 10 g., absolute alcohol 
100 ce., distilled water 100 cc., acetic acid 2 cc.), stained in borax- 
carmine, and eventually transferred to balsam, while those sec- 
tioned were stained in hematin IA (Apathy) or in irori-hema- 
toxylin (Heidenhain) after fixation in cold sublimate-alcohol. 
The index of refraction of balsam approaches so closely the 
refraction of the transparent sete that in order to study them 
most advantageously it was found advisable to kill the specimens 
by compressing them under the cover-glass and then at once to 
make camera lucida drawings of the sete in the dorsal and ventral 
bundles. 

The Naidide are distinguished from the other families of the 
Oligocheta primarily by the fact that their normal method of 
reproduction is by means of budding, and that complete inter- 
segmental dissepiments are present. The closely allied family 
olosomatide are without dissepiments and are usually of much 
smaller size. Furthermore, the presence of colored “oil drops” 
together with the absence of biuncinate sete are characters which 
~ as a rule! will serve to distinguish these families. The Enchytre- 
idee may be separated by the absence of biuncinate sete, while 
representatives of the families Lumbriculide and Tubificidee 


1 Colored oil drops are absent in Zolosoma beddardi, Holosoma niveum from 
North America, and two species of Pleurophleps occurring in Ceylon and Cen- 
tral America. 
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usually exceed 20 mm. in length, while the Naidide on the con- 
trary are rarely more and usually much less than 15 mm. in length. 

The form and position of the sete are the chief characters 
relied upon for the separation of the genera and species. These 
may be long and hair-like (capilliform), short and straight (needle- 
like), or S-shaped (sigmoid), and may terminate simply or in two 
hooks (biuncinate). A slight enlargement (nodulus) is usually 
present on all biuncinate sete. The accompanying diagrams 
representing a typical Naid (Fig. 1) together with the different 


Fic. 1.— Typical Naid illustrating characters used in the tables for separating genera 
and species. The following abbreviations are used in this and subsequent 
figures. 06, biuncinate seta; br, brain; c, capilliform seta; cl, clitellum; d, 
dorsal bundle of sete: dp, digitiform process (see Fig. 5); dt, distal tooth, 
biuncinate seta; dv, dorsal blood vessel; e, eye; n, nodulus; np, nephrid- 
ium; ns, needle-like seta; 0, esophagus; ov, ovary; p, pharynx; pr, 
prostomium; ps, palmate seta; pt, proximal tooth, biuncinate seta; s, stom- 
ach; sp, spermatheca; ¢, testis; fc, fine teeth on capilliform seta in Pristina; 
tc, prominent teeth on capilliform seta in the genus Vejdovskyella; tn, tentac- 
ular process; tp, tubular respiratory process; tv, transverse blood vessel; v, 
ventral bundle of sete; vn, ventral nervous system; vv, ventral blood vessel; 
1-7, seven anterior segments. 


forms of setee (Fig. 2) will prove of assistance in making clear the 
characters used in the synoptic table which has been slightly 
modified from Michaelsen (:00) who in turn adopted a large pro- 
portion of it from Vejdovsky (’84). The reproductive organs have 
not been sufficiently studied to admit of a final conclusion con- 
cerning their typical arrangement. This includes all genera known 
up to the present time, those occurring in North America being 
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printed in heavier type. Since the publication of this monograph 
by Michaelsen one new genus (Hemonais) has been founded 
by Bretscher, while Michaelsen (:03) has proposed the name 
Vejdovskyella for Bohemilla, the latter being preoccupied. 


FAMILY NAIDIDAE 


1791. Nais [ex Ord. Mollusca, e Class. Vermes] (part) Gmelin, 
Syst. Nat., vol. 6, p. 3120. 

1895. Naidomorpha (e Group Microdrili) Beddard, Monogr. Olig., p. 
275. 

1900. Naidide Michaelsen, Monogr. Olig., Das Tierreich, Lief. 10, 
p. 16. 

1903. Naidide Michaelsen, Die geogr. Verbreit. d. Olig., p. 41. 

1905. Naidide Michaelsen, “Zur Kenntnis d. Naididen,” Zodlogica, 
vol. 18, p. 350. 


Sete aggregated together in 2 or 4 bundles on a segment. Dor- 
sal bundles composed of capilliform, 


short needle-like, or sigmoid (the a I te 
latter biuncinate) sete; dorsal bun- 
dles often absent; ventral bundles | fae | | 
sete. Dissepiments well developed. | 
nerve-cord well developed, distinct f | 
from the hypodermis. Esophagus 
without muscular stomach. Ne- if 
phridia large, occasionally entirely | } 1 
absent. Testes in segment 5 or | boa 


(rarely in segments 8 and9). Ovaries Fic. 2.— Principal types of sete 

occurring in the Naidide. For 

in segments 6 and 7 (rarely in seg- abbeevintions seo Fie. 1. 

‘ment 10). Spermatheca in segment 

5 or 7. Reproduction normally asexual by budding. Length 

of specimens varies from 1 to 50 mm.; usually from 2 to 10 mm. 
Usually in fresh water, rarely in saline waters. One (Amphi- 


cheta) marine. Cosmopolitan; fifteen genera. 


| 
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Synoptic Table jor Separation of Described Genera 


(Genera occurring in North America printed in heavy type) 
Capilliform absent. 
B‘'. Dorsal bundles of setze absent. 
Ct. Ventral bundles of set on all segments beginning with the 
second. Third segment not longer than remaining segments 


Schmardella. 
C*, Ventral bundles of sete absent on segment 3-5. Segment 3 
extremely long . . . . Chetogaster. 


B*. 2 dorsal and 2 ventral bundles of setze on a segment. 
C'. Segment 3 much longer than remaining segments. Length 
(of described species) not exceeding 2mm. . Amphicheta. 
C*. Segment 3 not longer than remaining segments. Length (of 
described species) equal to or exceeding 5 mm. 
D'. All sete of dorsal bundle biuncinate . . . . Paranais. 
D?. Some of the setae of dorsal bundle not biuncinate Ophidonais. 
A’. Capilliform sets present in the dorsal bundle. 
B‘'. Dorsal bundle of sete beginning on segment 2, 5, or 6. 
C. Dorsal bundle of setze beginning on segment 5 or 6. 

D'. Posterior end developed into a tubular respiratory process 
containing paired gills. Usually living in tubes composed of 
plant fragments,etec. . . ... =. +. Dero. 

D*. Posterior end without respiratory processes. 

E'. Capilliform set of dorsal bundle with a series of prominent 
teeth. Dorsal bundle beginning on segment 5 
Vejdovskyella, 
Capilliform sete without teeth. Dorsal bundle beginning 
on segment 6. 
F', Length of capilliform sete equal to at least twice the 
diameter of the body. 


E’. 


“. Capilliform sete on all segments beginning with 6. 
Prostomium rounded . . . . . . Macrochetina. 

G’. Capilliform sete only on one (6) or a few (6, 7, 8) 
segments. 


H'. Capilliform sete on segments 6, 7, and 8. Pro- 
stomium developed into a tentacular process 
Ripistes. 
H’. Capilliform sete only on segment 6. Prostomium 
not developed into a tentacular process Slavina. 
F’. Length of capilliform setz shorter or rarely longer than 
diameter of body. 


1 For Bohemilla, previously used as the generic name for a group of Trilo- 
bites by Barrande, (Michaelsen, : 03). 
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G'. Prostomium developed into a tentacular process 
Stylaria. 
G?. Prostomium rounded . .. . 
C*. Dorsal bundle of sete beginning on meen 2. 
*D'. Anterior capilliferm sete partly covered by filamentous gills 
Branchiodrilus. 
D?. No filamentous gills present. 

E'. Dorsal bundle usually composed entirely of capilliform 
sete. Prostomium anhines into a long tentacular pro- 
om . . . . . . Pristina. 

E*. Dorsal in of biuncinate or of short 
needle-like setze. Prostomium rounded or with a short 
tentacular process . . . . . Naidium. 

B®. Dorsal bundle of on 12-20 Hemonais. 


Genus CHAETOGASTER Kk. Baer, 1827 


Prostomium rudimentary, coalesced with segment 1; 2 ventral 
bundles of setee on a segment, these absent on segments 1 and 3-5. 
Setee uncinate. Pharynx large and wide. Esophagus small, not 
longer than pharynx; 1 pair of transverse vessels connects the 
dorsal and the ventral vessels. Longitudinal commissures of 
ventral nerve-cord more or less distinct in anterior part of body. 
Testes in segment 5, ovaries in segment 6, spermathece in seg- 
ment 5. 

In fresh water, free-living or parasitic on fresh-water snails. 
Middle and south Europe, North America. 

Five species are recognized by Michaelsen and to these must 
be added C. pellucidus. ‘Three species of Cheetogaster (C. dia- 
strophus, C. diaphanus, and C. limnai) have been reported from 
North America, while Leidy (’52), described C. gulosus, so incom- 
pletely, however, that it cannot be recognized, although undoubt- 
edly referable to the genus Cheetogaster. 

The following table will serve to separate all the species known 
at the present time: — 


A’. Prostomium distinct, usually with a pore on anterior margin 
C. diastrophus. 
(Europe, N. America.) 
A’. Prostomium indistinct. 
B'. Length of individuals not exceeding 5 mm. 
C'. Esophagus as long as pharynx. 
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D'. Blood vessels of pharyngeal region well developed C. langi. 
(Europe, N. America.) 

D*. Blood vessels of pharyngeal region absent or only slightly 

developed . . ..... . erystallinus. 
(Europe.) 
C*. Esophagus shorter than pharynx, indistinct. 

D'. Ventral sete 8 to 12 in bundle, Ist postesophageal dilation 
of intestine covered with anastomosing network of blood 

(Europe, N. America.) 

D*. Ventral sete 6-7 in bundle, 1st postesophageal dilation of 

intestine surrounded by 12 or more pairs of non-anastomosing 


transverse blood vessels . . . . . C. pellucidus. 
(N. America.) 
B’. Length of individuals 10-15 mm. . . . . . C.diaphanus. 


Chetogaster langi Bretscher 


C. langi Bretscher, Rev. Suisse Zodl., vol. 3, p. 512, fig. 1, 1896; Michael- 
sen, Das Tierreich, Oligochaeta, Berlin, p. 21, 1900. 


Living specimens transparent. Prostomium blunt, indistinct. 
Setze unequally bifid at distal end, 4 in a bundle. 
Esophagus long. Ventral ganglia glandular in 
form. Circulatory system with normal develop- 
ment in the pharyngeal region, 1 pair of trans- 
verse vessels (not developed as “hearts’’) in 
esophageal segment. Length 1-2 mm. 

Between filaments of «!ge in swampy places, 
etc. 

One specimen (Fig. 3) referable to this species 
was obtained early in July. ‘There were several 
minor characteristics not wholly in agreement with 
the description of C. langi, but in the absence of 
more material it must be placed here. 


Chaetogaster pellucidus n. sp. 
scher (x25). For Transparent. Prostomium indistinct. Eyes 


abbreviations 


ons HK: 1. absent. Dorsal sete absent, ventral sete 6-7 


in a bundle, biuncinate, with teeth unequal. 
Esophagus short, postesophageal dilation (first stomach) sur- 


| 
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rounded by 12 or more pairs of non-anastomosing transverse 
blood vessels. Length 1.5 mm. Number of segments in an indi- 
vidual from 9 to 11. Budding in all specimens observed. 
Sandusky Bay, Lake Erie. 
A considerable number of specimens of this small Chetogaster 
were observed in cultures of aquatic plants during July and Au- 
gust, and a number were stained and mounted and are now in the 
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Fic. 4.— Chetogaster pellucidus n. sp. A. Dorsal aspect of budding individual (x25). 
B. Lateral aspect (x25). C. Ventral bundle of sete (x250). D. Distal por- 
tion of a single biuncinate seta showing form of distal and proximal tooth P 
(x1000). For abbreviations see Fig. 1. 


collection of the Museum at Kenyon College. All found were 
free living, while C. limnq@i, to which it is most closely allied, nor- 
mally occurs on or in fresh-water snails. It is possible, however, 
that they may have left their host as the age of the culture in- 
creased. No snails were observed in the jar. 
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Furthermore, Vejdovsky (’84) figures the first postesophageal 
dilation of C. limna@i as being covered with an anastomosing net- 
work of blood vessels, while in C. pellucidus they are plainly non- 
anastomosing. 


Genus Dero Oken, 1815 


Prostomium rounded, eyes absent. Sete in four bundles on 
a segment. Ventral sete uncinate, those of the segments 2 to 5 
longer than the rest; dorsal bundle usually beginning on the 6th 
rarely on the 5th segment, composed of a capilliform and one or 
two needle-like setze with variously formed distal ends. Posterior 
end developed into branchial filaments. Intestine with stomach. 
Blood red. Nephridia paired from 6th segment. ‘Testes in 5th, 
ovaries in 6th, spermathece in 5th segments. 

Fresh water. Europe, North America, Antilles, tropical East 
Africa, Tonkin, Philippines; fifteen species. 

Four species of Dero have been reported from North America: 
D. obtusa, D. limosa, D. vaga, and D. furcata. 


Dero vaga (Leidy) 


Aulophorus vagus Leidy, Amer. Nat., vol. 14, p. 423, figs. 3, 4, 1880; 
Reighard, Proc. Amer. Acad., vol. 20, p. 88, pl. 1, figs. 1-10; pl. 2, figs. 
11-20; pl. 3, figs. 21-31, 1885. 

Dero vaga L. Vaillant, Hist. Nat. Annel., vol. 3, p. 383, 1890; Stieren, 
Sitzb. Ges. Dorpat, vol. 10, p. 107, 1893. 

D. furcata Bousfield (part), Journ. Linn. Soc. London, vol. 20, p. 
105, 1887. 

D. vaga Michaelsen, Das Tierreich, Oligocheta, p. 29, 1900. 


Prostomium rounded. Ventral bundle of segments 2 to 5 with 
8 to 14 long slightly curved, biuncinate sete, with upper some- 
what longer than the lower tooth. Ventral bundles of remaining 
segments with 4 to 7 shorter, more curved, biuncinate sete with 
the upper shorter than the lower tooth. Dorsal bundle of sete 
beginning on 6th segment; composed of 1 to 3 capilliform and 1 
to 3 palmate sete. 

Posterior end with rudimentary branchia and two long finger- 
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like processes. ‘Three pairs of hearts in segments 8, 9, and 10. 
Brain wider than long. Length 8 mm. or more; number of seg- 
ments in an individual 24 to 35. 

In slime of ditches, ete., among fresh-water plants. Massachu- 


setts (Cambridge), Pennsyl- 
vania (Philadelphia), Illi- 
nois, Ohio (Cedar Point), 
and Trinidad, West Indies. 

This species was extreme- 
ly common at Cedar Point, 
particularly among cultures 
containing Riccia fluitans, 
the thallus of which together 
with statoblasts of Bryozoa, 
ete., it uses in the building 
of a protective tube by 
means of a viscid secretion 
from the body. When walk- 
ing around with its tube it 
bears a striking resemblance 
to a minute caddis-fly larva. 


Genus StyLartA Lamarck, 
1816 


Prostomium developed 
into a tentacular process. 
Ventral bundles composed 
of biuncinate sete; dorsal 
bundle composed of capilli- 
form sete, beginning on 6th 
segment. ‘Testes in 5th, 


ovaries in 6th, spermathecee 


in 5th segment. 
Fresh water. Europe, 
North America; one species. 


Stylaria lacustris (Linné) 


Nereis lacustris Linné, Syst. 
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Fig. 5.— Dero vaga Leidy. A. Dorsal aspect 
(x25). B. Lateral aspect, first six segments 
(x25). C. Dorsal bundle of set# (x250). D. 
Ventral bundle of sete, 6th segment (x 250). 
For abbreviations see Fig. 1. 


Nat., ed. 10, p. 654, 1758; ed. 12, vol. 2, p. 1085, 1767. 
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Stylaria lacustris Johnston, Cat. Brit. Non-paras. Worms, p. 70, 1865; 
Vejdovsky, Syst. Morphol. Olig., p. 30, pl. 3, fig. 27; pl. 4, figs. 1-24, 26- 
31, 1884. 

Nais lacustris Beddard, Monogr. Olig., p. 284, 1895; Michaelsen, Das 
Tierreich, Oligocheta, p. 33, 1900. 

S. paludosa, S. jossularis Leidy, Proc. Acad. Nat. Sci. Phila., vol. 5, 
pp. 286, 287, 1852. 


| 
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Fic. 6.— Stylaria lacustris (Linné). A. Dorsal aspect (x25). B. Lateral aspect, 
first 6 segments (x25). C. Dorsal bundle of sete of 6th segment (x250). 
D. Ventral bundle of sete, 4th segment (x250). For abbreviations see Fig. 1. 
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S. phyladelphiana, S. scotica Czerniavsky, Bull. Soc. Imp. Nat. Moscou, 
vol. 55, no. 4, p. 309, 1880. 


Prostomium developed into a long tentacular process. Eyes 
usually present. Distal teeth of ventral setee unequal. Dorsal 
setee capilliform with 1 long and 1 to 2 short in each bundle. All 
2 long setee of each bundle approximately of the same length. Clitel- 
lum in sexually mature forms on segment 6. Male pores on 6th 
segment. Sperm duct in 5th, spermathece in 5th segment. Length 
10 to 15 mm. Number of segments about 25. 

Europe, North America (Pennsylvania, Ohio, Illinois). 

A large number of specimens were observed which must at 
present be referred to this species. Michaelsen notes the length 
of N. lacustris as varying between 10 and 15 mm., while the length 
of those found at Cedar Point was always from 4 to5 mm. The 
teeth of the ventral sete are also considerably shorter and more 
obtuse than illustrated in the figures of Vedjovsky (’84), Tauber, 
and others. Furthermore, the length of the tentacular proc- 
ess in those forms observed, did not exceed the length of the 
long capilliform setee while Miiller (1774) notes the length of the 
tentacular process as equivalent to ten segments of the body. The 
synonymy of S. lacustris is in a confused condition, and it is possi- 
ble that careful study will establish one or more new species in the 
genus. 

The imperfect descriptions given by Leidy (’52b) to the species 
described by him as S. paludosa and S. fossularis, will not per- 
mit their separation from S. lacustris. 


Genus Nats Miiller, 1774 


Prostomium rounded. Ventral bundle with biuncinate sete. 
Dorsal bundle beginning on the 6th segment with capilliform 
and variously pointed short sete. Testes in 5th, ovaries in 6th, 
spermathece in 5th segments (in species where sex organs have 
been observed). 

In fresh water. Europe, North America, South America, and 
East India; ten species. 

The genus Nais furnishes one of the most difficult problems 
for the systematist attempting to define the limits of species among 
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the Naidide. The following table, however, embodies the results 
of systematic work so far as they are known and comprises all 
species described up to the present time. 


A’. Seti of ventral bundle of segments 8 to 10 neither thicker than those- 
of other segments nor modified by possessing blunt tips with rudi- 
mentary lower tooth. 

B'. Eyes present. 

C'. Ventral setz of segments 2 to 5 much longer than those of suc- 

ceeding segments. Dorsal sete capilliform, 4 to 8 in bundle 
N. obtusa. 
(Europe, 8S. Siberia.) 
C*. Ventral setz of segments 2 to 5 not decidedly longer than those 
of succeeding segments. 
D'. Transverse blood vessels simple. 
E', Ventral sete of segments 2 to 5 unequally bifid at tip. 
Length 1 to 1.5 mm. N. elinguis.. 
(Europe, N. America, S. America.) 
E’. Ventral setz of segments 2 to 5 equally bifid at tip. 

I’, Number of segments in an individual approximately 10 
(9 to 10), 6 to 8 ventral set2 in a bundle. Length of 
specimen 15mm. ... . . . . N. parvula. 

(N. America.) 

F’. Number of segments in an individual usually 20 (18 to: 
22), 4 ventral setze in a bundle. Length of specimens. 
at least 2 mm. 

G'. Dorsal bundles composed of 1 long capilliform and 2: 
short needle-like sete. Eyes dumbbell-like in form 

N. tortuosa.. 

(N. America.) 

G?. Dorsal bundle composed of 1 long capilliform and 1 
short biuncinate seta. Eyes oval, not dumbbell-like- 

in form. Length 3.6 mm... N. parviseta. 

(N. America.) 

D*. Transverse blood vessels of segments 2 to 5 forked. Dorsal 
bundle with biuncinate sete. . . . . WN. heterocheta. 


(England.) 


B*. Eyes absent. 
C'. Proximal tooth of dorsal biuncinate sete not longer than the 
distal tooth. 

D'. Ventral bundle composed of 3 to 4 sete. Length of indi- 
viduals 3 to 3.5 mm. Colorless . . . WN. tenuidentis.. 3 

D*. Ventral bundle composed of 6 to 8 set. Length 6 to 8 mm. 
Color reddish N. josine.. 

(Europe, N. America.) 


j 
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C*. Proximal tooth of dorsal biuncinate set twice the length and 
twice the thickness of the distaltooth . . N. paraguayensis. 

(S. America.) 

A’. Sete of ventral bundle of segments 8 to 10 much thicker than those 
of other segments, 1 to 2 in number, tips blunt, proximal tooth 
(Europe.) 
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Fig. 7.— Nais parvrula n. sp. A. Dorsal aspect (x50). B. Lateral aspect, first six 
segments (x50). C. Dorsal bundle of sete of 6th segment (x250). D. Ven- 
tral bundle of setz, 6th segment (x250). For abbreviations see Fig. 1. 


Nais parvula n. sp. 


Prostomium blunt, rounded. Eyes present. Digestive tract 
not differentiated into esophagus and stomach. Dorsal bundle 
beginning on segment 6, composed of 1 capilliform, subequal to 
diameter of body, and 2 short biuncinate sete. Ventral bundle 


‘consisting of 6 to 7 biuncinate setze with teeth equal. Length 1.2 


mm. Number of segments in an individual 9 to 10. 

Cedar Point, Sandusky, Ohio. 

Several examples of this extremely small Nais were found in 
the slime accumulating at the bottom of jars containing roots of 
various aquatic plants obtained from Sandusky Bay. It is chiefly 
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remarkable by reason of its small size, and the limited number of 
segments composing the body. At first it seemed probable that 
it was an immature form but evidence to the contrary was given 
by budding in several specimens. 


(\-pr 


| / 
NYA 


Fic. 8.— Naistortuosan.sp. A. Dorsal aspect (x50). B. Lateral aspect of first six 
segments (x50). C. Dorsal bundle of sete (x250). D. Ventral bundle of 
sete, 2d segment (x250). For abbreviations see Fig. 1. 


Nais tortuosa n. sp. 


Prostomium blunt, rounded. Eyes ‘present slightly dumbbell- 
shaped. Digestive tract not differentiated into esophagus nor 
stomach. Dorsal bundle beginning on 6th segment, composed of 1 
long capilliform (180 and 2 short (50 needle-like sete. Ven- 
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tral bundle consisting of 4 biuncinate sete (110 ») with subequal 
teeth. Length 2.2mm. Number of segments in an individual 18. 

Cedar Point, Sandusky, Ohio. 

Two specimens belonging to this species were noted. Budding 
was not observed. Several Peritrichous ciliates (Rhabdostyla sp., 
length 50 «, diameter 19 “) were observed fixed to the anterior 
end of one of the individuals, the peduncle being less than 2 » in 


length. 
Nais parviseta n. sp. 


Prostomium narrow, slightly acute. Eyes present, round or 
slightly oval. Digestive tract 


differentiated into a distinct {\.-pr fy 
pharynx which gradually 
a 
Stomach dilation scarcely per- = —= +— 
ceptible. Dorsal bundle be- — 
ginning on the 6th segment, —~| a B 
composed of 1 capilliform, 
subequal to diameter of body, _—{\)-— 
and 1 short biuncinate seta, — ia 
possessing equally developed 
teeth and an indistinct nodu- _| ?), 
lus. Ventral bundle composed 1 })! 
of 3 to 4 biuncinate sete, with 

lower tooth considerably 
larger than the upper tooth. 
Length 3.5 mm. Number of —+(° — 
segments in an individual 19 —t 

“tp 


to 20. 


Fic. 9.— Nais ‘is A. sa 
Cedar Point, Sandusky, IG ais parviseta n.sp. A. Dorsal 


aspect (x25). B. Lateral aspect, first six 


Ohio. segments (x25). C. Dorsal bundle of 


P ? sete (x250). D. Ventral bundle of sete, 
A very few specimens of this 4th segment (x250). For abbreviations 


form were observed. Budding ee 

was noted in nearly all of the 

individuals examined. The characteristic differentiation of the 
teeth on the ventral sete appears to be of considerable specific 
importance. 
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Nais tenuidentis n. sp. 


Prostomium blunt. 
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B 
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D lo 
Fig. 10.— Nais tenuidentisn. sp. A. Dorsal 


B. Lateral aspect, first six 
segments (x25). C. Dorsal bundle of sete 
of 7th segment (x250). D. Ventral bun- 
dle of sete, 2d segment (x250). For 
abbreviations see Fig. 1. 


aspect (x25). 


ding occurring in each. 
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Eyes absent. 
entiated into esophagus or stomach, covered with many brownish 


The extremely long and slender teeth of 
the ventral sete are a striking characteristic of this species. 


Genus Pristina Ehrenberg, 1831 


Prostomium usually developed into a tentacular process. Ven- 
tral bundle composed of biuncinate sete. Dorsal bundle begin- 
ning on the 2d segment, composed of capilliform sete. ‘Testes in 
7th, ovaries in 8th, spermathece in 7th segments (description of 
sexual organs based on observation of one species, P. leidyi). 


[VoL. XL 


Digestive tract not differ- 


globules. Dorsal bundle be- 
ginning on 6th segment, com- 
posed of 1 capilliform, the 
length (180 y) of which is 
approximately one half the 
diameter of the body, and 1 
short (60 #) biuncinate seta 
possessing equally developed 
teeth and provided with a 
nodulus. Ventral bundle con- 
sisting of 4 (3 in several ante- 
rior bundles) deeply bifid sete, 
both teeth being exceedingly 
long and slender, the upper 
measuring 20 « and the lower 
14 » from the base of the cleft 
area. Length 3 to 3.5 mm. 
Number of segments in an 
individual approximately 20. 
Budding observed. 

Cedar Point, 
Ohio. 

Only two specimens of N. 
tenuidentis were found, bud- 


Sandusky, 
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In fresh water. Europe, North America, South America, and 
Java; 6 species. 

The species may be separated by the following table. While 
it is possible that a careful study of P. equiseta, P. longiseta, and 
P. flagellum, may show that those responsible for the descriptions 
have overlooked the existence of the small teeth present in P. 
leidyi and P. serpentina, it appears evident that the species are 
distinct on other grounds. 


A’. Sete of dorsal bundle smooth. 
B'. Last segment not provided with finger-like processes. 
C'. Dorsal sete of 3d segment not decidedly longer than those of 


other segments; length 7 to 8 mm. ~ » « Ph eqursea: 
(Europe.) 

C*. Dorsal setee of 3d segment much longer than those of other 
(Europe.) 

B’. Last segment provided with 3 (2 lateral and 1 median) finger-like 
processes projecting posteriorly . . . . . . P. flagellum. 


(N. America, 8S. America.) 

A®. Sete of dorsal bundle provided with numerous fine but distinct teeth. 

B'. Capilliform set of dorsal bundle approximately 35 » long. Those 

of the 3d segment twice as long asthe others . . P. leidyt. 

(N. America, 8. America.) 

B®. Capilliform sete of dorsal bundle approximately 300 » long. Those 
of the 3d segment not longer than others. 

C!. Teeth of ventral sete subequal. Number of segments approxi- 

(N. America.) 

(?. Distal teeth of ventral sete longer than proximal teeth. Num- 

ber of segments 18 to 30 » « « proboscuea. 

(S. America.) 


Pristina serpentina n. sp. 


Prostomium developed into a long tentacular process, usually 
0.2 to 0.3 mm. in length. Eyes absent. Digestive tract with 
stomach in the anterior part of the 8th segment. Dorsal bundle 
beginning on the 6th segment, composed of 2 long (300 2), 1 medium 
(100 capilliform sete, and 2 to 6 short needle-like (30 to 50 
sete. Ventral bundle composed of 5 to 6 biuncinate (60 # to 80 #) 
setee with subequal teeth. Length 2.2mm. Number of segments 
in an individual about 15. 


| 
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Cedar Point, Sandusky, Ohio. 

This species of Pristina (Fig. 11) was exceedingly abundant at 
Cedar Point, and on first examination was apparently to be placed 
near P. a@quiseta Bourne. Closer examination, however, dem- 
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Fic. 11.— Pristina serpentina n. sp. A. Dorsal aspect (x50). B. Lateral aspect, 
first six segments (x50). C. Dorsal bundle of sete of 7th segment (x250). 
D. Ventral bundle of sete (x250). For abbreviations see Fig. 1. 


onstrated the existence of fine teeth on the sete of the dorsal bundle. 
The difference in the form of the distal teeth of the ventral set dis- 
tinguishes it from P. proboscidea Beddard, now recognized by 
Michaelsen (:05) as a valid species. 
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Genus Narpium O. Schmidt, 1847 


Prostomium either rounded, pointed, or developed into a short 
tentacular process. Dorsal bundle beginning on the 2d segment, 
composed of capilliform, or needle-like, and biuncinate sete. Ven- 
tral bundle composed of biuncinate sete. 

Fresh water. Middle Europe, East India, North America, and 
South America; six species. 


A’. Prostomium not developed into a tentacular process. 
B'. Number of segments composing an individual usually 15 to 30 
(32 to 40, N. luteum). Biuncinate setz in dorsal bundle. 
C'. Prostomium rounded or pointed, species small, not exceeding 
5 mm. in length. 
D'. Number of segments in an individual 20, posterior part of 
brain developed into 4 pronounced lobes . WN. bilobatum. 
(Europe.) 
D*. Number of segments in an individual 15 to 16. 
I'. Capilliform sete shorter than the diameter of the body. 
Teeth of dorsal biuncinate sete approximate WN. uniseta. 


(Europe.) 
E’. Capilliform sete longer than the diameter of the body. 
Teeth of dorsal biuncinate sete remote . . N. osborni. 


(N. America.) 

C*’. Prostomium slightly elongate, species large, approximately 15 

« « « « » « Nelutem 

(Europe.) 

B*. Number of segments in an individual 40 to 61, no biuncinate sete 

in dorsal bundle . ....... =... . N. dadayi. 

(S. America.) 

A’, Prostomium developed into a short tentacular process, length of 


species approximating 8mm. . . . . . . . . WN. breviseta. 
(East India.) 


Naidium osborni n. sp. 


Prostomium moderately long, somewhat pointed. " Eyes absent. 
Digestive system differentiated into pharynx (segments 1 to 3), 
esophagus (segments 4 to 7), and stomach (8th segment). Dorsal 
bundle of setze beginning on the 2d segment, composed of 1 long 
capilliform (145 ~) and 1 short (50 ) seta, the latter biuncinate 
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with subequal, remote teeth and an indistinct nodulus one third 
the distance from the tip. Ventral bundle composed of 4 biun- 
cinate sete with subequal teeth and a distinct nodulus midway 
between base and tip. Length 1.66 mm. Number of segments 
in an individual 15 to 16. Budding observed. 

Cedar Point, Sandusky, Ohio. 

Five species of Naidium have been described: three from cen- 
tral Europe, one from the East Indies, and one from South 
America; none, however, has 
been noted in North America, 


} consequently the occurrence 
of a distinet species in the 
United States is of considera- 
ble interest. A single individ- 
ual was found in the sediment 
— of a bottle containing ‘reed 
_| ») = roots” obtained at Cedar 
TEA» Point, Ohio, and received from 
Professor Osborn, September 
4, 1905. 
THT Schmidt (1847) founded the 
_! i genus upon a single species, 
N. luteum, occurring in Eu- 


rope. Beddard (’95) main- 
tained that this species should 
be incorporated in the genus 
Pristina inasmuch as Pristina 


| f 


Fic. 12.— Naidium osbornin.sp. A. Dorsal breviseta described by Bourne 
aspect (x50). B. Lateral aspect of first 18 " ° F 
six segments (x50). C. Dorsal bundle (1! 91) nearly bridged over 
of sete (x250). D. Ventral bundle of | the gap formerly supposed to 
sete of segment 1 (x250). For abbrevi- 


separate the two genera. 


Michaelsen (:00) removed P. 
breviseta to the genus Naidium which thus consisted of two spe- 
cies, N. luteum and N. breviseta. 

The characters which may be used for separating the two genera 
consist of (1) the presence as a rule of biuncinate sete in the dorsal 
bundle of Naidium, while such sete are absent in Pristina, and (2) 
the development of the tentacular process of the prostomium which 
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is either absent or extremely short in Naidium while in Pristina 
it is long. ‘The absence of any tentacular process in N. osborni 
suggests that until a species is found in which the process is well 
developed and in which the dorsal bundles contain biuncinate 
setee, the genera may be considered distinct. Further studies 
may show other generic characters. 

I take pleasure in dedicating this species to Professor Herbert 
Osborn, Director of the Lake Laboratory, Sandusky, Ohio. 


KENYON COLLEGE 
GAMBIER, OHIO 
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MECHANISM OF THE ODONTOPHORAL APPARATUS. 
IN SYCOTYPUS CANALICULATUS 


J. C. HERRICK 
INTRODUCTION 


Tuis paper gives the results of some four or five weeks spent in 
dissecting and experimenting on the odontophoral apparatus in 
the large familiar whelk or winkle, Sycotypus canaliculatus (Linn.).! 
The work was done at the Marine Laboratory at Wood’s Hole, 
Mass., during the summer of 1905. I desire to express here my 
thanks to the direction of the laboratory for the material furnished 
and privileges extended, especially to Dr. G. A. Drew to whom I 
am indebted for advice and encouragement. 

The object of the paper is to show the modus operandi of the 
whole odontophoral mechanism as found in the form selected, and 
also, incidentally to describe the nervous supply of the muscles 
that control the mechanism. ‘To this end the anatomy of the parts 
has to be described in some detail, but it is hoped that the figures 
which accompany the text may serve to give some substance to 
the descriptions. 

Sycotypus because of its large size offers excellent material for 
such a study. The whole apparatus can be studied with the 
naked eve, no dissecting lens being necessary except for examin- 
ing the teeth. Besides, since this animal is a great pest to the 
oysterman and clam digger on account of its depredations upon 
the beds, it is of some interest — aside from the purely scientific — 
to know more intimately how this gastropod accomplishes its 
destructive work of boring through the shells of oysters and clams, 
and rasping out their soft contents by means of its file-like 
“tongue.” 


‘Synonymy (Verrill): Murex, Pyrula, Busycon, Fulgur. 
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METHOD 


The method followed was that of gross dissection, combined 
with that of stimulation by the induced electric current, of the 
muscles and nerves concerned. The animals were freed from 
their shells by means of a hatchet, chipping away the shell along 
the line of the canal, and finally twisting the animal out; and then 
left for twelve hours or more in a mixture of waste alcohol and 
turpentine. ‘This treatment! causes the animal to put forth its 
proboscis usually in full extension, and does not really kill it, 
though, of course, causing deep narcosis. In this condition the 
various muscles (or nerves) can be dissected out, stimulated, and 


their action studied. 


HISTORICAL 


Huxley, in 1853, was the first to study the mechanism of the 
buccal or odontophoral apparatus in a number of forms. He 
observed it in action in the transparent heteropod, Firoloides, 
and from what he saw was led to believe that Cuvier had failed to 
grasp the mode of operation of the same apparatus which he had 
described in Buccinum. Cuvier, to quote Huxley, “considered 
the tongue-plate [radula] to be passive, and that its movements 
depended upon the protraction, retraction, divergence, or approx- 
imation of the cartilages.” According to Huxley, Middendorf 
also, in his elaborate monograph upon Chiton, in which he gives 
a very careful and detailed description of the buccal apparatus, 
“fails in rendering its action clear.” The radula ‘“‘acts as a sort 
of elastic file pushed from behind [!] by a special muscle, the 
‘curvator radule,’ and supported and steadied by the ‘folliculi 
motores’ [buccal cartilages].”’ 

It will be well to quote in full Huxley’s own explanation of the 
mode of operation of the apparatus, as I deem it the correct one, 
though, as we shall see, denied subsequently by his pupil, Professor 
Geddes and others: “I have already described the manner in which 
the apparatus may be seen working in -Firoloides and Atlanta and 
I propose now to demonstrate that from the anatomical arrange- 


‘Due to Mr. G. M. Gray, Curator, I believe. 
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ments the ‘tongue’ has the same chainsaw-like mode of operation 
throughout the Cephalopoda and Gasteropoda. Perhaps Patella 
may be taken as the most convenient illustration, since the organ 
is here very large [however, not nearly so large as in Sycotypus], 
and its parts are distinct and well developed.” Afterdescribing 
the apparatus in Patella, he says: “It is clear that the action of the 
intrinsic muscular bands (having the insertions described) must 
be to cause the elastic plate [radular membrane], and with it the 
‘dentigerous plate’ [radula], to traverse over the ends of the carti- 
lages, just like a band over its pulley, the cartilages themselves 
being entirely passive in the matter. The extrinsic bands, again, 
must serve to protract the whole mass and thrust it more or less 
firmly against the object to be acted upon. 

“T have examined Buccinum, Fisurella, Doris, Aplysia, Bullzea, 
Helix, Onchidium, Cypreea, Pteroceras, Sigaretus and Vermetus, 
and in all I have found a structure essentially similar to that here 
described .... 

“This pulley-like structure of the tongue appears to me to be 
very characteristic of the portion of the molluscous type here 
considered [cephalous], and indeed to be peculiar to it” (Huxley, 
p. 58, ff.). 

Lacaze-Duthiers (56) in his study on Dentalium describes the 
odontophoral apparatus fully and takes up the question of its 
mechanism. He concludes (56, p. 258) that “the cartilage 
executes movements and communicates them secondarily to the 
dental apparatus.” 

In 1879, Geddes, at the suggestion of Huxley, took up the study 
of the odontophoral apparatus again, but arrived at just the oppo- 
site conclusion to that of the latter. He says in regard to Patella 
that “‘a slight sliding of the radula over the apex of the cartilages”’ 
may take place; but for Buccinum: “ Little of that sliding move- 

_ment over the apex of the cartilages which we saw in Patella can 
here take place, owing partly to the weakness and curvature in 
two planes of the cartilages, partly to the sharpness of their apex, 
eminently unfitting it for a pulley-block, partly to the slight fixed 
flexure of the radula, and its wants of pliability, and largely also 
to the attachment of the infraradular membrane to the sides of the 
mouth all round, which thus fixes the radula very steadily over 
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the cartilages. Some little yielding may take place; but it must 
be evident, from the above considerations, that the movements of 
the radula are similar to, and dependent upon, that licking action 
impressed upon the buccal cartilages in the way we have seen... . 

“Thus the explanation here put forward has something more in 
common with that of Cuvier. . . .than with the later theory proposed 
by Professor Huxley.... 

“In the transparent bodies of some Heteropoda, Prof. Huxley 
describes a chain-saw movement; so, if the framework remains 
quite stationary, I can only suggest that the sliding of the radula 
over its support, which we saw as a secondary factor in the Limpet, 
though impossible in the Cuttlefish and highly improbable in the 
Whelk, may in these animals have acquired greater importance.” 

Tryon (81) in his M anual of Conchology (continued by Pilsbry) 
gives nothing as to the meehanism of the odontophoral apparatus. 

Wegmann (’84) describes the odontophoral apparatus in Haliotis 
and as regards the mechanism says (’84, p. 304): — 

“No muscle is inserted upon the radula properly speaking; 
this organ is borne by the elastic membrane [radular membrane], 
with which it forms one body in its movements. The latter slides 
over the cartilages, drawn as it is by two pairs of protractor muscles 
and by numerous retractor bundles. Besides, the cartilages can 
be brought together or separated, increase and diminish the space 
between them. The elastic membrane is deeply influenced by 
these displacements and its own movements are thus complicated.” 

Boutan (’86) in his paper on Fissurella gives a brief description 
of the muscles of the odontophoral apparatus, but does not dwell 
upon the mechanism except to emphasize the importance of the 
blood sinuses in the proboscis. These during protrusion of the 
proboscis become filled with blood and produce turgidity of the 
organ, in fact, the protrusion is in part due to this turgid condition 


of the proboscis. 

Bouvier (’87), while he gives a minute description of the nervous 
system of Buccinum and of many other Prosobranchs in his 
elaborate paper, does not describe the odontophoral apparatus at 
all fully. 

Gibson (’87) describes the odontophoral apparatus of Patella 
but has nothing to say upon the subject of its mechanism. 
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Loisel (’92) describes the apparatus as found in Helix, and gives 
a rather confused account of its action. 

Oswald, in 1893, published quite a detailed account of the 
“Riisselapparat”’ of the Prosobranchs, dealing especially with the 
apparatus as found in Buccinum undatum. He describes at length 
the muscles that control the movement of the radula, as well as 
those concerned with the protrusion and withdrawal of the pro- 
boscis, and his descriptions are accompanied by a number of 
text-figures, schemata, and two plates. He also considers the 
mechanism of these parts. His observations for Buccinum 
closely parallel my own for Sycotypus, with some exceptions, 
and I find he suggested in a number of cases the very nomencla- 
ture I had adopted on my own account; for all my own obser- 
vations had been made before the literature of the subject became 
accessible to me. 

In regard to the rasping action of the radula, whether it is aecom- 
plished by the licking action of the cartilage or by active to and fro 
motion over the odontophoral cartilage, Oswald has the following 
to say (’93, pp. 146-147): ‘The motion of the radula is brought 
about by the contraction of its own muscles and at the same time 
by the movement of the cartilage. By the contraction of the 
approximators of the cartilage [rami] the anterior portions of the 
cartilages are brought nearer together, the radula is raised up, 
lying as it does over them, and, at the same time, pushed some- 
what forward; the dorsal retractors relax, the ventral ones con- 
tract and the radula slides, as Huxley suggests, like a band over 
a pulley. The contraction of the approximators of the cartilage 
having ceased, the anterior ends of the cartilage by virtue of their 
elasticity separate, and at the same time the dorsal retractors pull 
the radula back. The sliding of the radula over the tongue 
cartilage in the manner of a band over a pulley is, it is true, very 
limited (sehr beschriinkt), since the radula is fastened on both 
sides by its sheath to the mouth cavity; that, however, such a 
sliding motion does take place, has been made clear by my prepa- 
rations, in which the radula was fixed in different stages of its 
excursion.” 

In the main Oswald’s account of Buccinum accords with what 
I have observed for Sycotypus, but in Sycotypus, at least, the 
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motion of the radula over the cartilage as a band over a pulley is 
in no way “sehr beschrinkt,” for two to three centimeters of the 
length of the ribbon play back and forth over the head of the 
cartilage. One can easily convince oneself of the large excursions. 
of the radula by placing one’s finger tip in the mouth of an animal 
that has been placed in the alcohol-turpentine mixture, and that: 
is consequently in no pleasant mood. 

While Oswald states he made some observations on the living 
animal, he makes no reference to any detailed artificial stimulation 
of the muscles or nerves, and his conclusions as to the mechanism 
are, it seems, drawn to a considerable degree from the anatomy 
of the parts. 

Plate (’93) gives a brief description of the odontophoral appara- 
tus of Oncidium verruculatum, but does not dwell upon the mech- 
anism, though since he speaks of retractors and protractors of 
the radula, he probably accepts a sliding action of that organ. 

Amaudrut (’98) in a lengthy paper upon the anterior part of the 
alimentary canal in gastropods makes a comparative study of the 
odontophoral apparatus as found in this group of molluscs. He, 
however, does not describe that of Sycotypus. On page 145 of 
his article he begins a historical review of the question of the mech- 
anism of “le bulbe,” and the radula, which continues for some 
thirty pages. I refer anyone to them for a complete statement 
of the views put forth by various observers. 

He himself absolutely rejects Huxley’s view of the sliding action 
of the radula. He says (’98, pp. 137, ff., 147): ‘Every theory 
aiming at explaining the mechanism of the radula must take into 
account the facts which precede [certain anatomical relations, p. 
84] and the remarks which follow: 

“The radula being flexible and having to function as a rasp 
must when in use always have a certain degree of tension. Now 
the rasp being united to the elastic membrane [radular membrane} 
its movements become subordinated to those of this membrane, 
and since the muscles and cartilages are connected only with the 
membrane and not with the rasp it is through the tension of the 
membrane that the tension of the rasp is secured. But this ten- 
sion can be produced upon the whole membrane only by the 
simultaneous contraction of the muscles that act upon it, for 
every movement of traction exerted upon one point only would 
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entail a sliding of the membrane —a thing which anatomical 
examination has shown us as being impossible (Fig. 45, Pl. V) 
[the figure is for Helix pomatia, but his assertion is a general one, 
see p. 147, and refers to Prosobranchs too], and which direct obser- 
vation has never established [?]. Further, a traction produced 
upon one point only of the membrane would occasion in it not 
only a sliding motion but also the production of folds in it, and 
then, whether the flexible radula should follow the contours of the 
folded surface or whether it should pass beyond, in either case it 
would be in an unfit state for playing its réle of rasp.” 

It is clear therefore that Amaudrut regards as tensors what other 
observers and I have considered as protractors and retractors of 
the radula. So far as Sycotypus is concerned he is in error, for 
by direct observation one can easily convince oneself of the sliding 
motion of the radula in this large gastropod. 

His explanation is as follows: ‘The important differences in 
the general mechanism which exist between the Pulmonata and 
the Rachiglossa, are that, with the latter when the flexors [pro- 
tractors] of the cartilages contract, the summit of the tongue is 
not only drawn forward, but the lateral teeth separate, and when 
the tensors [of the radular membrane] contract in their turn, the 
teeth execute the reverse movement, seize the prey and carry it to 
the entrance of the cesophagus.” 

Direct observation of the action of the radula seems to have 
been confined, on Amaudrut’s part, exclusively to Helix. His 
explanation of the mechanism for this form is doubtless correct, 
but he has certainly gone too far when he makes the general asser- 
tion that a sliding motion of the radula is impossible. On the 
contrary it has been observed by Huxley and a number of other 
observers, as we have seen above. 

Simroth (:01) follows Amaudrut in his description of the mech- 

-anism of the odontophoral apparatus among the Prosobranchs. 
Under the heading, ‘Der Fressact” he says (:01, pp. 490-491): 
“The act of eating is accomplished in general in this way: — The 
bulb executes regular piston-strokes from behind forward and the 
tip of the tongue simultaneous twisting movements downwards 
and backwards extending to the entrance of the esophagus. In 
the forward position the teeth of the tip of the tongue grasp the 
mouthful from beneat’1, then it is drawn in, cut off by pressure 
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against the immovable jaw where such an organ occurs, and, 
without lingering at all in the bulb, pushed into the esophagus. 
The radula suffers thereby no shifting of any sort (keinerlei Ver- 
schiebung) upon its support.” 

Pelseneer (: 06, p. 7) in his volume on the Mollusca in Lankester’s 
Treatise, speaking of the odontophoral apparatus, has the following 
remarks: ‘Applied to these cartilaginous pieces the radula, by the 
action of special muscles, executes backward and forward rasping 
movements.” 

Again (:06, p. 89): “The radular ribbon is supported by a 
system of paired cartilaginous pieces furnished with protractor 
and retractor muscles the action of which causes the radula to 
move to and fro and work like a rasp on the prey seized by the 
animal.” 

From this review it is evident that the mechanism of the radula 
is conceived of in two very different ways by most of the observers 
that have up to the present worked upon it: — 

(1) The radula remains at rest relatively to its support (the 
cartilage) and its rasping action is due to movements of its support. 

(2) The radula moves relatively to its support, plays back and 
forth over its support like a band over a pulley, and its rasping 
action is due to its own proper motion. 

I hope to show conclusively in what follows that the action of the 
radula in Sycotypus is of the band-over-pulley type. I do not 
desire to generalize from observations upon one form, and that an 
isolated one, Sycotypus being found only “along the Atlantic 
coast of North America from the south shore of Cape Cod, to the 
Gulf of Mexico” (Grabau, this journal, vol. 37, pp. 515-539). 
However, from a study of the figures given by Geddes and others 
for Buccinum, I cannot help thinking that a renewed study of this 
animal under experimental conditions will reveal the fact that the 
play of the radular ribbon is not altogether “very limited,” as 
Oswald concedes. 
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DESCRIPTION OF ODONTOPHORAL APPARATUS 


Since this apparatus is found in the proboscis of the animal, 
it will be well to commence with this organ. As I intend to give the 
nervous supply of the muscles de- 
scribed, it is advisable to take up 


the nervous ganglia after the pro- 
boscis. Following the brief des- 
cription of the ganglia, will be taken 
up in order: the esophagus and 
buccal mass; the buccal cartilage, 
its retractor and protractor muscles; 
the radula, its retractors and pro- 
tractors; and finally the musculature 
of the proboscis, and the mechanism 
of its protraction and retraction. 
Proboscis.— Many of the Proso- 
branchs possess a long proboscis, 
eye sometimes longer than the rest of 
hf. the animal. In Sycotypus this organ 
is well developed, the fully extended 
proboscis being in a fair-sized speci- 
Ventral view of the fully extended men three or fourinches long. The 


proboscis. hf., head fold; mo., 


mouth; pb., proboscis; ¢., tentacle. proboscis when protruded emerges 


from the head fold (Fig. 1, hf.) which 
surrounds its base like a collar, there being a deep groove between 
the two, formed by the invagination of the integument. The 
anterior half of the organ is almost circular in section, and hard to 
the touch, while the posterior half is more flattened and flabby. 
At the end of the proboscis is located the triangular mouth — 
bounded by thick and hard lips —the base of the triangle being 


‘ventral. When retracted the proboscis is completely hidden from 


view; it lies entirely within the head fold, which is drawn together 
so as to hide the opening through which the proboscis is put forth. 

The proboscis has a tough muscular wall, invested by integu- 
ment which is closely adherent to the underlying muscular layers. 
At the base of the proboscis is a cup of white muscular fibers 
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through which the esophagus passes and into which some ofjthe 
retractors of the proboscis (to be dealt with later) are inserted (Fig. 
2, rpb.). 

The proboscis is a hollow tube containing within it the esophagus. 
and the large cylindrical mass, called the buccal mass. 

Nervous Ganglia.— The ganglia lie below the base of the pro- 
boscis (in its protruded state) in the deep part of the head fold 


Fic. 2.— Sycotypus canaliculatus. Dissection from the dorsal aspect. Head fold 
laid open dorsally and ventrally; foot split open; proboscis hangs down over 
the foot. col., collar; f., foot, split open; hf., head fold; pb., proboscis; rpb., 
retractors of proboscis; s., siphon; ¢., tentacle; vm., visceral mass; 2x, posi- 
tion of ring muscle. 


and surround the esophagus (Fig. 3, ng.). The ganglia comprise: 
the buccal, two small spherical ganglia closely adherent to the 
ventral surface of the esophagus and united by a commissure; 
the two cerebral ganglia; the pleural ganglia; the crossed visceral 
pair; and the large pedal ganglia. Their relations are presented 
in the accompanying diagrammatic figure (Fig. 4). 
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Nerves arise from these ganglia and are distributed to various 
parts of the body; but those that will be especially dealt with here 
are the ones that arise from the buccal and the cerebral ganglia. 


_mo. 


Fic. 3.— Sycotypus canaliculatus. Dissection from the ventral side (semidiagram- 
matic) showing relation of the various parts of entire animal after removal 
from shell: head fold, as also proboscis, laid open; foot split, partially 
through so as to display ganglia in situ. e., esophagus; f., foot, split through; 
hj., head fold; mo., mouth; m. cup, muscular cup; ng., ganglia; pb., proboscis; 
8., siphon; sg., salivary gland; ¢., tentacle; vm., visceral mass. 


From each buccal ganglion arise two nerves, one stout (inner), 
j the other very slender (outer). From the cerebral ganglion arise 
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five or six anteriorly directed nerves, and one directed laterally 
which passes out across the salivary gland into the tentacle to 
supply that organ and the eye. The distribution of the forwardly 
directed nerves we shall see later. As they pass forward they 
anastomose more or less. 

The buccal and cerebral ganglia of each side are connected by a 


Fic. 4.— Sycotypus canaliculatus. Ventral view of the ganglia that surround the 
esophagus (diagrammatic, from several drawings of dissections); the ventral 
side of the ring is in full line, the dorsal in dotted line, and the outline of the 
esophagus is indicated by the light parallel lines. 0b. com., buccal commissure; 
bn., buccal nerves; c. com., cerebral commissure; cn., cerebral nerves; 
com., cerebro-pedal commissure; left cerebral ganglion; /pl., left pleural 
ganglion; left pedal ganglion; left visceral ganglion; pl-p. com., 
pleuro-pedal commissure; rb., right buccal ganglion; rc., right cerebral 
ganglion; rp., right pedal ganglion; rpl., right pleural ganglion; rv., right 
visceral ganglion. 


very short commissure passing between the most median nerve 
coming off from the cerebral and the buccal ganglia (Fig. 4). 
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EsopHaGcus BuccaL Mass 


As stated above, the esophagus 
and the buccal mass lie within 
the proboscis. Whereas the eso- 
phagus is closely adherent to the 
dorsal wall of the proboscis 
(numerous muscle fibers passing 
between the two), the buccal 
mass lies free within the pro- 
boscis, except at the anterior and 
posterior ends where muscles are 
inserted into the wall of the pro- 
boseis (Fig. 5). At the anterior 
end the buccal mass is also united 
with the esophagus by a thin 
membrane (Fig. 5, m.). Con- 
sequently if the proboscis be split 
open along the ventral surface, 
the entire buccal mass may be 
removed without in any way in- 
juring the esophagus, except at 
its commencement where it is 
united to the buccal mass (Fig. 
6). 

We thus have three tubes, one 
of which (the proboscis) contains 
the two others, the esophagus 
being dorsal, and the buccal mass 
ventral. In cross section they 
would appear as shown in Fig. 


Fie. 5.— Sycotypus canaliculatus. Ventral view; the proboscis has been laid open 
along the mid-ventral line, and the buccal mass has been resected and turned 
back. bm., buccal mass; c., cartilage, edges of; dscf., dorsal sheet of cross 
fibers; e., esophagus; gr., great retractor; m., membrane at junction of buc- 
cal mass and esophagus; m. cup, muscular cup; ng., ganglia; npw., 2, 3, 4, 
nerves to proboscis wall; pre., protractors of cartilage, cut across; 
proboscis wall; rms., radular muscle; rs., radular sac; ¢tpr., triangular pro- 


tractor. 
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OponToPHORAL (BuccaL) CARTILAGE 


The radula or dentated ribbon is essentially a thin flexible file 
which is worked back and forth over the odontophoral cartilage. 
By the protraction or retraction of 
this cartilage over which the radula 
runs like a strap over a pulley, the 
lingual file (or better, rasp) is either 
brought forward into the mouth to 
a position where, aided by the hard 
lips, rasping can be effected, or (on 
retraction) it can be carried back 
out of the way. 

The cartilage has two long rami 
that unite anteriorly to form a head 
(Fig. 8), the entire length being from 
five to six centimeters in a fair-sized 
specimen. The cartilage has some- 
what the form of a toboggan that has 
been split up along the running part 
to near the upturned front; the front 
Hi has been turned in laterally, so that 


its rim is no longer straight, as in 


\ bm. a toboggan, but horseshoe-shaped. 


The rami are deeply grooved dor- 

Fic. 6.— Sycotypus canaliculatus. 
Dorsal view; buccal cavity and Sally and the grooves are continued 
esophagus have been opened along 
mid-dorsal line, and the esophagus 
in part cut away, thus exposing the 
buccal mass beneath; the probos- 
cis wall has been entirely dissected 
away. bc., buccal cavity: bm., 
buccal mass; c., cartilage covered 
b'y radular membrane; e., esopha- 
gus; r., radula, 


Fic. 7.— Sycotypus canaliculatus. 
Diagram to show relation of esoph- 


forward on the dorsal, or agus and buccal mass. bm., buccal 
mass; esophagus; pw., probos- 
rather posterior surface, of 


the upturned head. It is in 
these grooves that the muscles retracting the ribbon run. The 
: ribbon itself passes over the rim of the head of the cartilage as 


i! 
| 720 

7 

| 

| 

| 

i 

] 

| 

| 

if 

it 


No. 478] ODONTOPHORAL APPARATUS IN SYCOTYPUS 721 


over a pulley (Fig. 8, rim). Since the rim is not straight but horse- 
shoe-shaped, the ribbon is 
folded together as it passes 
back over the cartilage, and 
unfolded as it passes forward; 
otherwise the animal would 
rasp its own tissues. As it is, 
the lateral teeth (Fig. 13, /t.) 
are turned in against each 
other, so that as the lingual 
ribbon passes back from the 
head of the cartilage they are 
thrown out of action. This is 


a very important point in the 
mechanism, and one which has 
not been insisted upon. The 
shape of the head of the carti- 
lage is perfectly adapted for 
this folding and unfolding of 
the ribbon as it plays back- 
ward and forward. 

The grooved surfaces of the 
rami and head furnish a very 
smooth running surface for the 
retractor muscles and _ their 


tendons. 

A ramus in cross section is 
moon-shaped. Muscles find a 
place of attachment along the 
lateral edge, but the median 


edge is thin and free of muscle Fig. Sycotypus canaliculatus. Dorsal 
view of odontophoral cartilage, stripped 


insertions. A line of muscular 
of its muscles; the grooved surfaces of the 


attachment runs along the con- rami face somewhat outward. h., head; 
axe 1 f ] me., median edge; r., ramus; rim, the pul- 
vex side of each ramus on the ley-like portion of the head. 


median aspect. ‘This line 

marks where a sheet of cross muscle fibers passes from one ramus 
to the other binding them together. To the posterior end of the 
ramus are also attached muscles. 
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In Fig. 8, the rami of the cartilage are spread apart since the 
muscles binding them together have been cut through. In the 


Fig. 9.— Sycotypus canaliculatus. Dorsal view; the proboscis has been laid open in 
its entire length; the esophagus has been resected and removed; the head- 
fold has been split open; the protractors of the cartilage are omitted. bm., 
buccal mass; c., cartilage, ramus of; col., collar; dscf., dorsal sheet of cross 
fibers; e., esophagus; g., groove root of great retractor; hf., head fold; Jat., 
lateral root of great retractor; med., median root of great retractor; m. cup, 
muscular cup; pw., proboscis wall; r., radula; rm., radular membrane; 
rnm., ring muscle of cup; rpb., retractors of proboscis; rs., radular sac; s., 
siphon; tentacle, 
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Fie. 10.— Sycotypus canaliculatus. Ventral view of odontophoral muscles, the 


proboscis and head fold having been opened; the odontophoral cartilage has 
been twisted somewhat to the right (of the animal) so as to bring its protrac- 
tors into prominence (those on the right side are omitted), and also to expose 
the nerves that are to be seen in the left half. bn., nerves from buceal gan- 
glion; c., cartilage; cn., nerves from cerebral ganglion; con., convex root of 
great retractor; e., esophagus; g., groove root of great retractor; m. cup, 
muscular cup; med., median root of great retractor, the lateral root is omitted; 
ng., ganglia; né., nerve to tentacle; pre., protractors of cartilage; prr. (a, b, 
c), protractors of radula; r., radula; rc., retractor of cartilage; rm., radular 
membrane; ¢., tentacle; tpr., triangular protractor of cartilage; vscf., ventral 
sheet of cross fibers; 1, nerve supplying protractors of cartilage; 2, 3, and 4, 
nerves supplying proboscis wall; 4 has been dissected out, and lies upon the 
cartilage protractors; 45, stout nerve from buccal ganglion which enters 
great retractor; 6, slender nerve from buccal ganglion; 7, nerve that branches. 
off from 1 and supplies protractors of radula and ventral sheet of cross fibers. 
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Fic. 11.— Sycotypus canaliculatus. Ventral view of odontophoral muscles, some of 

which have been cut through; the entire wall of the proboscis has been re- 
a moved except that portion into which the protractors of the cartilage are 
Wh inserted; the whole buccal mass is pinned out so as to display the several 
} muscles, the dorsal sheet of cross fibers having been cut through; all of the 
muscles are drawn on the right of the figure only. cf., cross fibers uniting 


i triangular protractors, cut through in Fig. 10; con., convex root of great 
i} retractor; dscf., dorsal sheet of cross fibers, cut through; g., groove root of 
q great retractor; lat., lateral root of great retractors; med., median root of 


dh great retrattor; prc., protractors of cartilage; prr. (a, b, c), protractors of 
radula; pw., proboscis wall; r., radula; rc., retractor of cartilage; rm., 
radular membrane; rms., radular muscle; rs., radular sac; tpr., triangular 
protractor of cartilage; vscf., ventral sheet of cross fibers. 
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natural state the rami are closely approximated for most of their 
course, and form the doubly grooved roadway for the retractors 
of the lingual ribbon. 


RETRACTORS AND PROTRACTORS OF THE ODONTOPHORAL CAR- 
TILAGE — THEIR NERVE SUPPLY 


Retractors.— These are two flat muscles which arise from the 
posterior extremities of the rami of the cartilage, and pass back 
one on each side to mingle with the fibers of the muscle cup at the 
base of the proboscis (Fig. 9, re.). They serve to pull the cartilage 
— the whole buccal mass in fact — backward. 

Their nervous supply comes through the stout nerve from the 
buccal ganglion (Fig. 10, 5). 

Protractors.— The protractors of the cartilage are conspicuous 


Fig. 12.— Sycotypus canaliculatus. Radular sac, radular membrane, radula, and its 
protractors removed from the proboscis and pinned out. ogr., place of 
origin of great retractor; prs., protractors of radula; r., radula; rm., radular 
membrane; rs., radular sac. 


narrow muscle bands (ten to twelve or more in number) that arise 
from the lateral edges of the rami and pass forward to be inserted 
into the ventral wall of the proboscis along two parallel lines, 
(Figs. 10, 11, pre.). Besides these bands there is also a pair of 
protractors that lie on either side of the buccal mass at its anterior 
end (Figs. 10, 11, tpr.). Each is more or less triangular in shape, 
the apex and dorsal edge lying along, and inserted into the lateral 
edge of the cartilage ramus, and the base being inserted into the 
radular membrane, and into the muscular wall of the buccal cavity 
laterally and dorsally. The ventral edges of the two triangular 
protractors are united by cross fibers, which serve to keep the 
underlying muscles (protractors of the radula) in place (Fig. 11, 
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All these muscles pull the cartilage forward in the proboscis, 
and it is by means of them that the dentate ribbon, which passes 
over the rim of the head of the cartilage, is brought forward into 
position for rasping. 

Their nervous supply comes through one of the nerves of the 
cerebral ganglion. The nerve on each side runs along beneath 
the protractors near their origin, sending branches to each, and 
ends forward in the triangular protractor (Fig. 10, 1). 


Rapvuta (Lingua or DENTATE RIBBON) 


The radula is a-dentate ribbon which is adherent to the mem- 
brane —radular membrane (subradular membrane) — that lines 


Fig. 13.— Sycotypus canaliculatus. Radular teeth. mt., median tooth; /t., lateral 
tooth. 


the buccal cavity (Fig. 12, rm.). The membrane lies loose over 
the head of the odontophoral cartilage, and passes back into what 
is called the radwar sac (Fig. 12, rs.), which contains the imma- 
ture part of the ribbon, and anteriorly. it is produced into a pouch 
which lies on the ventral side of the anterior part of the buccal 
mass beneath the cross fibers that connect the ventral edges of 


the triangular protractors already mentioned (Figs. 10, 11, rm.). 
Laterally the membrane passes into the general lining of the buccal 
cavity. The membrane on the floor of the buccal cavity is loose 
enough to admit of the protraction of the head of the odontophoral 
cartilage a centimeter beyond the mouth, 7. e., in forced protraction, 
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not in the living animal. The looseness of the membrane thus 
allows of the forward and backward play of the ribbon in rasping. 
The muscles that are responsible for the rasping movements of the 
ribbon are not attached to the ribbon directly, but to the membrane 
to which the ribbon is adherent (the radular membrane). By 
treatment with alcohol the ribbon is readily separated from its 
membrane. ‘That part of the ribbon which is mature and in 
use is from three to four cm. long, whereas the immature part 
which is folded up within the radular sac, and which cannot be 
drawn out over the rim of the cartilage head is some five em. long. 

It is to the radular sac that the large retractors of the ribbon 
are attached, the protractors being attached to the ventral pouch 
of the radular membrane (Fig. 12, prs., ogr.). 


RETRACTORS AND ProTRAcTORS OF RapuLaA; CERTAIN ACCEs- 
Muscites — THEIR NERVE SUPPLY 


Retractors (together with Certain Accessory Muscles).—'The 
retractors of the lingual ribbon are, as above stated, inserted by 
tendons into the radular sac. At the region of their insertion they 
are fused so as to form practically one muscle, but posteriorly 
four separate roots can be distinguished (Figs. 9, 11, 14): — 

(1) Alarge median root (Figs. 9, 11, med.), separable into lateral 
halves, passes back to be inserted on either side into the lateral 
and ventral wall of the proboscis and into the muscular cup at the 
base of the proboscis. 

(2) Two large lateral roots (Figs. 9, 11, 14, lat.), which are 
continuous anteriorly with the median, pass outward on either 
side and are inserted by a half dozen bundles into the lateral wall 
of the proboscis somewhat anteriorly to the insertion of the median 
root. In passing out to the wall of the proboscis, this muscle 
" crosses over the posterior portion of the ramus of the odontophoral 
cartilage, and hence serves to hold it in place (Fig. 9). 

(3) A slender root passes back in the posterior part of the 
groove on the dorsal surface of each ramus of the cartilage — 
groove root (Figs. 9, 11, 14, g.). These roots are inserted at the 
tips of the rami, and are continuous anteriorly with the lateral 
roots. 
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(4) Another slender root on each side passes back beneath 


(ventral to) the corresponding ramus and is inserted at the end 


Fig. 
Ventral view of the great retractor 
of the lingual ribbon (semidiagram- 


14. — Sycotypus canaliculatus. 


matic); the ventral sheet of cross 
fibers has been removed, its line of 
attachment, however, is represented; 
the head of the cartilage has been 
removed, the ramiin part only being 
shown. c., cartilage, ramus of; con., 
convex root of great retractor; g., 
groove root of great retractor; lat., 
lateral root of great retractor; med., 
median root of great retractor; rec., re- 
tractor of cartilage; rs., radular sac; 
ten., tendons of origin of great re- 
tractor. 


of the ramus on the convex ven- 
tral surface — convex root (Figs. 
11, 14, con.). 

Thus the larger part of the 
retractor is inserted into the wall 
of the proboscis, while the smaller 
portion finds insertion on the car- 
tilage frame. 

As stated, these four roots unite 
anteriorly to form what may be 
called the great retractor of the 
radula, which is inserted by one 
ventral and two lateral tendons 
into the radular sac (Fig. 14, ten.). 
These tendons and their muscular 
continuations run in the doubly 
grooved roadway formed by the 
grooved dorsal surfaces of the two 
cartilage rami, these being close 
together anteriorly, held so by 
cross fibers that pass between 
them. 

One set of these cross fibers 
forms what may be called the 
ventral sheet of cross fibers, passing 
from the convex ventral surface 
of one ramus to that of the other 
(Figs. 10, 11, vsef.). This sheet 
extends from the beginning of the 
rami back to about the place 


where the dorsal sheet (see further) ends; the ventral sheet ends 


somewhat anteriorly to the dorsal sheet. 


In describing the 


odontophoral cartilage, it will be remembered that mention was 
made of a line of muscular insertion along the ventral surface of 
the ramus; this is the line for the insertion of the ventral sheet. 


Covering the great retractor are two sets of muscles that call for 
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attention here, since their purpose is to keep the retractor true to 
its grooved path. It should be stated in the first place that a con- 
siderable portion of the radular sac projects free above the roots 
of the retractor of the radula, and is continued posteriorly into a 
rather long radular muscle that is inserted into the muscle cup at 
the base of the proboscis (Fig. 11, rs., 
rms.). The more anterior part of the 
radular sac has inserted into it laterally 
and dorsally strands of muscle, some 
of which pass forward to be inserted 
into the outer edges of the rami of 
the odontophoral cartilage; others pass 
backward to the same edges, thus giv- 
ing rise to a criss-crossing which serves 
to keep the radular sac in position and 
to prevent the great retractor leaving 
its grooved pathway (Fig. 15). 

Dorsal to this double set of muscle 
strands, 7. ¢., more superficial, lies 
what may be called the dorsal sheet of 
cross fibers (Figs. 9, 11, dscf.), which 
pass from the outer edge of one ramus 


to the outer edge of the other, not, how- 
- Diagrammatic figure to illus- 


ever, along the entire length of the trate the criss-cross fibers of 
2 the radular sac; the cartilage 
ramus but to within two cm. or so of 
the end. This dorsal sheet covers the —_ apart, the ventral sheet of cross 
7 ‘ fibers having been cut through; 
criss-cross strands and the anterior one side only of the criss-cross 
part of the radular sac, as well as the » Set, ls 
fibers; 4., head of cartilage; r., 
anterior portion of the great retractor. ramus of cartilage; rs., radular 
‘ sac; vscf., ventral sheet of cross 

All that is seen of the great retractor, sia, 


upon opening the proboscis along the 
mid-dorsal line and removing the esophagus, is the roots passing 


‘from beneath the posterior edge of the dorsal sheet along with the 


radular sac (Fig. 9). 

The dorsal sheet of cross fibers thus serves to keep the rami 
approximated, and to form a sheath for the radular sac and great 
retractor, keeping the two in the proper place for motion along the 
grooved roadway of the rami, therein sharing the function of the 
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criss-cross strands. Also, the two sheets of cross fibers, dorsal 
and ventral, serve on contraction to give stiffness to the cartilage 
frame as a whole and to prevent its buckling. 

Nervous Supply of the Great Retractor.— The great retractor 
muscle is supplied from the stout nerves that leave the buccal 
ganglia and run forward to penetrate the lateral halves of the 
median root, and then to continue on to the other roots, and also 
to the retractors of the cartilage (Fig. 10, 5). 

Protractors.— The protractors of the lingual ribbon are six quite 
distinct long slender muscles that are found on the ventral side 
of the buccal mass and of the odontophoral cartilage. There are 
three on either side of the mid-line (Figs. 10, 11, prr., a, b, c). 


prr.(c) 


Fic. 16.— Sycotypus canaliculatus. Diagram to illustrate the position of the pro- 
tractors of the radula upon the cartilage ramus. c., cartilage, ramus of; prr. 
(b, c), protractors of radula; sh., connective tissue sheath, 


The protractors arise from the membranous pouch in which the 
anterior part of the ribbon is found, and extend quite or almost 
straight backward. 

(1) The most ventral muscles are a pair that lie as two delicate 
red bands along the mid-ventral line of the buccal mass, separated 
by a white line (blood vessel) (Figs. 10, 11, prr., a). ‘They arise 
from the ventral surface of the membranous pouch, and pass 
backward, adherent to the ventral sheet of cross fibers, to mingle 
with the lateral halves of the median root of the great retractor of 


the radula. 

(2) The pair lying more dorsal are the largest — about four 
times the size of the first pair (Figs. 10, 11, prr., b). Each 
arises from the dorsal surface of the membranous pouch and 
passes back along the inner half of the ramus of the odontophoral 


' 
‘ 
h. 
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| 


No. 478] ODONTOPHORAL APPARATUS IN SYCOTYPUS 731 


cartilage on its ventral side in a shallow groove. It is held in place 
by a sheet of connective tissue that binds it against the ramus, but, 
at the same time, allows it to slide freely back and forth along the 
face of the ramus. Each muscle of the pair extends to very near 
the tip of its ramus, and is there inserted laterally. 

(3) The last pair — much smaller than the second but larger 
than the first pair — arise close to, and laterally from, the second 
and pass parallel to the second along the outer half of the ramus 
on its ventral surface to be inserted, a centimeter or so anteriorly 
to the end of the ramus, into its outer edge (Figs. 10, 11, prr., c). 
The muscles of this pair are, like those of the second pair, contained 
within a connective-tissue sheath (Fig. 16). 

The anterior parts of all these protractors are covered by the 
cross fibers that pass between the two triangular cartilage pro- 
tractors (Fig. 11, cf.). These three remarkably long muscles 
(they would make fine material for physiological experiments 
upon molluscan muscle because of their length and regularity) 
serve to pull the membranous pouch toward the base of the pro- 
boscis, and consequently the lingual ribbon, which is adherent 
to the inner surface of the dorsal wall of the pouch, out over the 
head of the odontophoral cartilage. Their mass is extremely 
small when compared with that of the great retractor, and this 
is what one would naturally expect, since the rasping takes place 
on the return pull. It is then that resistance is to be overcome, 
and there is need for a large muscle, whereas in the forward motion 
of the lingual ribbon very little power is required, since the teeth 
of the ribbon have their ¢‘set” backward, and merely slip over 
the surface to be rasped on the forward motion of the ribbon (Fig. 
13). 

It is very easy to demonstrate the rasping action of the dentate 
ribbon on a recently narcotized specimen by alternately stimulating 


_the retractor and protractors, when the ribbon plays back and 


forth very prettily. Of course, the same result is obtained by 
alternately stimulating the proper nerves, as I have frequently 
done. It might be well to mention the fact that the nerves of 
Sycotypus are very slow in dying; they respond to a stimulus ~ 
(electrical) twenty-four hours and more after the animal has been 
taken from the alcohol and turpentine mixture. 
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Nervous Supply.—The protractors of the ribbon are supplied 
by nerves from the cerebral ganglia. The cords supplying them 
branch off from the two (one on either side) which go to the pro- 
tractors of the cartilage. Where one of the latter passes under 
the first cartilage protractor the cord comes off and, piercing a 
few of the protractors near their origin, passes on to the surface of 
the lingual protractors that lie upon the ramus, and then continues 
on to the ventral sheet of cross fibers, which it supplies, and on to 
the first pair of slender lingual protractors (Fig. 10, 7). As will 
be seen on consulting the figure, a sort of parallelogram anasto- 
mosis is formed by this nerve upon the ventral surface of the buccal 
mass in its lower third. 


MUSCULATURE OF THE PRoBosCIS, NERVE SUPPLY 


The proboscis wall itself has a very well developed musculature. 
This musculature is white in contrast to the very red muscles of 
the buccal mass. The innermost layer of the proboscis wall is 
one of longitudinal fibers, next comes a tolerably thick circular 
layer, and beneath the integument is found another longitudinal 
layer. The contraction of the longitudinal layers serves, of course, 
to shorten the proboscis and to increase its diameter, whereas the 
contraction of the circular layer would have the opposite effect. 

The innermost longitudinal layer (at least) is supplied by nerve 
cords that spring from the cerebral ganglion and pass forward 
along the esophagus piercing in their course the muscle cup at the 
base of the proboscis. One of these cords passes along outside 
the line of insertion of the cartilage protractors to the end of the 
proboscis, giving off branches to the wall of the proboscis as it 
proceeds (Figs. 5, 10, 4). Another cord passes along parallel to 
the one just mentioned, but inside the line of insertion of the pro- 
tractors of the cartilage (Figs. 5, 10, 3). Still another, which 
sometimes, at least; comes off as a branch of the second, passes 
forward a little farther in toward the mid-line and is covered, like 
the second in its anterior portion, by muscle strands that pass 
from the esophagus to the wall of the proboscis. 

At the base of the proboscis is situated the muscie cup already 
mentioned, and which is composed of transverse fibers that mingle 
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with the musculature of the proboscis wall (Fig. 5, m. cup). There 
is also a ring muscle entering into this muscle cup, which surrounds 
the esophagus, but is free from it on the dorsal, though adherent 
to it on the ventral side (Fig. 9, rnm.). 

Below the cup are found very numerous white bundles of muscle 
which arise, in part, from the cup, from the ring muscle, and also 
from the proboscis wall with which they are continuous, and, in 
part, from the fold of integument that surrounds the base of the 
proboscis (Fig. 2, rpb.). ‘These bundles pass backward to mingle 
with the musculature of the integument that extends back from 
the head fold to the columellar muscle; some bundles may mingle 
with the fibers of the columellar muscle. 

They serve on contraction to pull the whole proboscis back 
within the head fold. They might be called the retractors of the 
proboscis. These retractors are supplied from the cerebral 
ganglia. 


RETRACTION AND PROTRACTION OF THE PROBOSCIS. 


Since there exists a distinct set of retractors at the base of the 
proboscis, and since its wall has in part a musculature of longi- 
tudinal fibers, it is not difficult to understand how retraction is 
brought about. The basal retractors pull the whole proboscis 
backward and the longitudinal fibers on contraction shorten it. 
From dissections made upon specimens with retracted proboscis, 
it seems that ordinarily there is no turning wrong side out of the 
proboscis, the shortening of the proboscis itself, and the contraction 
of the numerous retractors that run into the head fold, together with 
the flexion of the proboscis, being sufficient to carry the organ 
altogether back within the head fold. However, a certain amount 
of doubling wrong side out may —in fact, does — take place under 
artificial conditions. At the base of the proboscis, there is, as 
stated, the muscle cup with its ring muscle; between this ring 
muscle and the esophagus on the dorsal side there exists a space. 
It is through this free space that the doubling takes place. Into 
the anterior border of the ring muscle are inserted some of the 
retractors of the proboscis, and on their contraction that part of 
the proboscis above the ring begins to double back through the 
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space left between the ring muscle and the esophagus. On violent 
stimulation (dissecting an animal that is not well narcotized) this 
process may be so extensive as to double the whole proboscis 
within the ring muscle, just as if one were to push in a finger of a 
glove down to its base. In other words the proboscis may be 
doubled in on itself down to the place marked 2 in Fig. 2. 

This “Einstiilpung” must be brought about by the extensive 
contraction of the retractors of the proboscis and their continua- 
tion, the inner longitudinal muscular layer of the proboscis wall. 
The proboscis cannot be turned wrong side out throughout its 
entire length, as could a finger of a glove; for in the anterior end 
the esophagus, which is closely bound to the dorsal wall of the 
proboscis, and the buccal mass are united. Besides, the protractors 
of the cartilage prevent such a complete doubling (Fig. 17). 


Fic. 17.— Sycotypus canaliculatus. Side view of proboscis turned wrong side out; 

muscles of buccal mass are filled in with fine lines; the musculature of the 
proboscis and retractors of proboscis are left in outline. 06m., buccal 
mass; ¢., cartilage, tip of; dscf., dorsal sheet of cross fibers; e., esophagus; 
g., groove root of great retractor; gr., great retractor; prc., protractors of 
cartilage; pw., proboscis wall; rms., radular muscle; rnm., ring muscle; 
rpb., retractors of proboscis; rs., radular sac; vscf., ventral sheet of cross 
fibers, 

As to the protraction of the proboscis, I have only theory to 
offer, as the experiments which I had contemplated upon this point 
were never carried out. Of course, the relaxation of the longi- 
tudinal fibers, as well as the contraction of the circular fibers of the 
proboscis wall will account for its elongation, but how is the pro- 
boscis forced out of the head'fold? It may be that this is done by 
means of a blood reservoir (sinus) within the head fold. If this 
be filled with blood, and then the muscles of the head fold contract, 
the effect would be to expel the proboscis. The region of the 


head fold that is covered by the collar of the mantle is cavernous, 
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and if it acts as a blood sinus, there is little difficulty in explaining 
how the proboscis is pushed out by hydrostatic pressure. 


SUMMARY AND CONCLUSION 


The results of the present investigation may be summed up as 
follows: — 

The odontophoral apparatus in Sycotypus is highly complex, 
but admirably adapted to its function. 

The mechanism of the radula, in Sycotypus at any rate, is 
correctly termed, after Huxley, a chain saw, with the restriction 
that the “sawing” occurs only on the return draw. 

The buccal cartilage, besides forming a stiffening framework, 
acts as a grooved pathway along which the radular sac and the 
great retractor of the dental ribbon slide, the path being well 
lubricated, probably by a mucous secretion. In Sycotypus the 
cartilage is passive, so far as any licking action is concerned. 
The buccal cartilage possesses its own muscles for protraction 
and retraction, as well as certain muscles that bind its rami together 
and at the same time form a sheath for the retractor of the radula. 

The radula is protracted, 2. e., drawn forward, by six slender 
muscles, four of which (two pairs) lie along the ventral side of the 
rami of the buccal cartilage enclosed within connective-tissue 
sheaths; the other pair lie along the mid-ventral line of the buccal 
mass. The radula is retracted by a powerful muscle that arises 
from its sac and is inserted by a number of roots into the proboscis 
wall and upon the cartilage frame. This inequality of the muscles 
is explained by the fact that the teeth of the tongue-file are inclined 
backward, so that the rasping takes place on the return pull. 

The retraction of the proboscis is accomplished through its own 
longitudinal musculature and the continuation of this, the retractors 
of the proboscis; there is usually little, if any, turning wrong 
side out of the organ, though this may under certain conditions 
take place. The protraction of the proboscis is probably due to 
hydrostatic pressure created in the head fold by the contraction 
of its musculature. 

By dissection and actual observation of the effects produced by 
electrical stimulation, the nervous supply for the apparatus 
described has been in large part determined. 
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NOTES AND LITERATURE 
BIOLOGY 


Loeb’s Dynamics of Living Matter.'"— The point of view of Pro- 
fessor Loeb’s new book will be surmised by those acquainted with 
his other writings. Living organisms are to be considered as chemi- 
cal machines which differ fundamentally from any machines so far 
created by man in possessing the peculiarities of automatically devel- 
oping, preserving, and reproducing themselves. In this volume we 
have an attempt to analyze the strictly biological phenomena of 
development, self-preservation, and reproduction from a_ purely 
physico-chemical point of view. 

Inasmuch as the material and the energy of organisms must be 
supplied by chemical processes, it is only natural that this subject 
should receive the first attention. ‘T'wo lectures are therefore devoted 
to the general chemical and physical problems involved in a study of 
living matter. 

These two lectures are followed by three of particular interest to 
the physiologist. Hypotheses of muscular contraction and _proto- 
plasmic motion and the physical and chemical factors involved in cell 
division are treated and an entire chapter is devoted to the important 
subject of the réle of electrolytes in the formation and preservation of 
living matter, and another to the effect of heat and radiant energy 
upon living matter. 

While these chapters are especially commended to the physiologist, 
it does not follow that they are lacking in interest to the biologist whose 
work touches only incidentally upon modern physiology. But to the 
mind of the reviewer the first six chapters are of more interest to the 
physiologist while the final six will be read with the keenest interest 
by the general biologist as well. 

In the chapter on tropisms the essential similarity of tropic responses 
in animals and plants is considered and in so far as possible all are 
referred to physico-chemical forces. This presents no great difficulty 

1Loeb, J. The Dynamics of Living Matter. Columbia University Bio- 
logical Series VIII. New York, The MacMillan Company, 1906. 8vo, xi 


+233 pp., 64 text-figs. $3.00. 
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in the case of heliotropism, galvanotropism, and chemotropism, but 


geotropism and stereotropism are more difficult to explain. The 


relation of the reactions to lines of force and the reason for this relation 
are made clear. The discussion of the control of the degree and the 
sense of heliotropic response is especially interesting. The demon- 
stration of the possibility of controlling these reactions by chemical 
and other means, the apparent uselessness of many of them, and the 
fact that many could never be used at all in Nature tend to show that 
they could not have been acquired by way of natural selection. 

The chapters on fertilization and heredity will probably be the 
first to be read by many biologists. Two effects of the entrance of a 
spermatozoén into an egg must be distinguished. The first is the 
starting of the process of development, the developmental effects, 
while the second is the transmission of the paternal qualities to the 
organism, the hereditary effect. Under the first of these heads are 
considered the specific character of the fertilizing power of the sperma- 
tozoén, and its modification by chemical means — so that forms 
otherwise incapable of crossings may be hybridized — and the prin- 
ciples and results of experiments in artificial parthenogenesis. While 
the development of the egg may be caused without the presence of 
a sperm nucleus or an enucleated fragment of egg protoplasm may be 
caused to develop by fertilization by a spermatozoén, we must recog- 
nize the hereditary effect of egg or sperm nucleus as a distinct phe- 
nomenon. The structure of the gametes is exceedingly simple and 
yet instincts as well as bodily form are transmitted through the sexual 
cells. Obviously purely morphological conceptions cannot carry us 
very far here and we first think of definite chemical compounds as 
the bearers of hereditary qualities. The evidence afforded by experi- 
ments upon the toxic effect of the blood of a different species seems 
significant in this connection but our real knowledge of these phe- 
nomena is very meager and it seems impossible to draw any far-reach- 
ing inferences. 

The minute size of the gametes precludes any extensive analyses of 
the physico-chemical processes concerned in the formation of organs, 
but the conditions of morphogenesis may be studied in regenerative 
processes. Loeb follows Sachs in the view that the variety in the form 
of organs is determined by a corresponding variety in their chemical 
constitution and advances arguments from heteromorphosis in vari- 
ous forms. The influence of the central nervous system is dis- 
cussed and the possibility of the conduction of definite chemical 
substances to or from the ganglia is suggested. 
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It is hardly necessary to state that in so far as views on evolution 
are expressed they are essentially de Vriesian and with the acceptance 
of the validity of de Vries’s conclusions concerning discontinuity, there 
is the suggestion of the physico-chemical nature of discontinuity in 
evolutionary transformations. 

The Columbia University Biological Series is so familiar to natural- 
ists that comment upon the attractiveness of the volume is quite super- 
fluous and we may simply say that the general scientific public is to 
be congratulated on having in a condensed form the point of view and 
chief results of the school of biologists of which Professor Loeb is our 
best known advocate. 


J. A. Harris 


ZOOLOGY 


Capture of the Salamander, Autodax lugubris, at Los Angeles, Cal. 
— One of the points of interest concerning the genus Autodax is its 
extremely limited range. The taking of a specimen of A. lugubris 
in Los Angeles, Cal., a locality at a considerable distance from what 
has heretofore been considered the center of its distribution, seems 
of sufficient importance, therefore, to justify this note on the subject. 

In a previous paper on the species by Professor Ritter and myself 
(Amer. Nat., vol. 33, pp. 691-704, 1899), mention is made of the dis- 
tribution of the genus as follows: ‘‘Autodax is a genus of salamanders 
confined, according to our present knowledge, to western North 
America and almost entirely to California.’’ Cope (U.S. Nat. Mus., 
bull. 34) states that ‘“‘no species has yet been found east of the Paci- 
fic coast region.” He describes the three species of the genus from 
specimens in the U.S. National Museum which are distributed as fol- 
lows:— 


16 specimens, Petaluma, Cal. Lat. 38° 15’ N 


5 Farallone Is. 37° 40’ 
10 x San Francisco 37° 40/ 
4 Berkeley 37° 40’ 
7 Monterey 36° “ 
1 Fort Tejon 


Range 3° 15’ 
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A. ferreus, 1 specimen, Ft. Umpqua, Ore. 

A. wécanus, 2 specimens, Baird, Cal., Lat. 40° 50’ N. 

The range of A. iécanus was extended by Van Denburgh (Proc. 
Cal. Acad. .Sci, n. s., vol. 5, pp. 776-778, 1895) southward to Los 
Gatos, Cal., Lat. 37° 10’ N. Range, 3° 10’. 

Omitting the little known A. jerreus, the others of the genus have 
a range in central California of very narrow limits. Cope sums up the 
evidence for the better known A. lugubris as follows: ‘The range of 
this species is limited, embracing only middle California.” 

The observations of Professor Ritter and myself (Amer. Nat., vol. 33, 
pp. 691-704, 1899; vol. 37, pp. 883-886, 1903) show its comparative 
abundance in the whole San Francisco Bay region. In fact, Monterey 
and Fort Tejon are the only localities outside the bay region from 
which it has previously been recorded. The remarkable occurrence 
on the rocky Farallone Island 30 miles off shore was also re-established 
by a party from the University of California under Professor Torrey 
in 1903. 

The specimen taken in Los Angeles, Lat. 33° 40’ N., extends the 
range a degree southward thus increasing the previously known range 
by almost 33%. The occurrence is further striking in that there is a 
decided climatic difference between this locality and the bay region. 
The temperature averages of the bay region range from 52°to60° and 
those of the Los Angeles region from 60° to 68°. The low average 
humidity of the Los Angeles region makes this difference even more 
pronounced. Again, the two localities are separated by barriers of 
desert and mountain ranges running at right angles to the coast line, 
a combination of conditions which suffices to isolate several subspecies 
of birds in the Los Angeles region by checking the north and south 
diffusion. A. lugubris seems, then, to be less timorous than we had 
at first thought. 

The Los Angeles specimen was taken on March 18 of this year, 
which date is in the midst of the rainy season. The animal was found 
under a rotten log in just such surroundings as one would expect to 
find the species in the bay region. The appearance is that of a typical 
specimen of the third year except that the lemon yellow spots are 
slightly more numerous than in the majority of specimens from the 
bay region. Only one specimen was taken but the fact is of minor 
significance as the species is a bit erratic in its distribution in the bay 
region. 

LoyeE Hotmes MILLER 
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Pimephales notatus in the Lower Susquehanna.— This fish is said 
to range from Quebec to Delaware and west in the Mississippi valley, 
thus embracing the above-named river basin where, however, I have 
not found it recorded before. A number of examples, one a breeding 
male, was secured by Mr. Witmer Stone and myself while at York 
Furnace, York Co., Pa., during the middle of May. Alosa sapidis- 
sima, Anguilla chrisypa, Brama erysoleucas, Notropis bifrenatus, N. 
analostanus, Rhinichthys atronasus, Hybopsis kentuckiensis, Ameiu- 
rus nebulosus, Fundulus diaphanus, Lepomis auritus, Eupomotis 
gibbosus, Perca flavescens, Boleosoma nigrum olmstedi, Plethodon 
erythronotus, P. glutinosus, Diemyctylus viridescens, D. miniatus, 
Desmognathus fuscus, Acris gryllus crepitans, Hyla pickeringti, H. 
versicolor, Rana palustris, R. clamata, R. catesbiana, R. pipiens, 
Natrix sipedon, Thamnophis sirtalis, Chrysemys picta, and Terrapene 
carolina were taken, seen, or heard. With the exception of a single 
small Exoglossum maxillingua found in Otter Creek, no fishes were 
obtained in any of the nearby tributaries, all of which are swift, rocky, 
and of rapid descent. Besides the above, Petromyzon marinus, Pomo- 
lobus pseudoharengus, Salvelinus fontinalis, Ameiurus catus, Stizo- 
stedion vitreum, Roccus americanus, Morone americanus, and Crypto- 
branchus alleganiensis were reported to occur though we did not see 
any examples. 

Henry W. Fow.er 


Notes.—Origin of the Vascular Endothelium and of the Blood in 
Amphilia.— Kati Marcinowski has attacked this vexed problem, 
using for his material Siredon and Bufo. His results are summa- 
rized as follows (Jen. Zeitschr., vol. 34, 1906) :— 

The vascular endothelium arises from the mesenchyme and 
chiefly and possibly exclusively from the secondary mesenchyme. 
The primary mesenchyme which perhaps contributes, is derived from 
the ectoderm. No traces were seen of the origin of mesenchyme from 
the entoderm. 

Vascular and blood formation is localized in two regions which in 
position correspond to the site of the dorsal and ventral mesenteries 
—sclerotomal and medioventral mesoderm regions. Besides the 
formation of endothelia from localized anlagen there is also a similar 
formation from diffusely appearing wandering cells and in connective 
tissue. 

In their first appearance the results are either solid at first and at 
the first appearance of a lumen are closed to all other cavities or they 
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are open and connect with other spaces in the mesenchyme or con- 
nective tissue. The differences in method of formation are refer- 
able to locally different conditions of development and have no 
important morphological value. 

The endothelium arises at a time when the blood corpuscles are 
in circulation in connection with lacune, the schizoccele, in the 
connective tissue and is to be regarded as arising phylogenetically 
from a lacunar system bounded by connective tissue whose physi- 
ologically most important and hence earliest differentiated portion 
lay in the region of the gut. 

The localization of the blood and vascular forming cells in the 
region of the mesenteries confirms the view of Lang, founded on 
comparative anatomy, that the first differentiation of the intestinal 
blood sinus of the Coelomata occurred in the separation of vessels in 
the region of the dorsal and ventral mesenteries. 

The blood corpuscles are to be regarded as ‘swimming mesen- 
chyme cells’ in Ziegler’s sense. They arise in the medio-ventral 
mesoderm region. 


J.S. K. 


BOTANY 


Notes.— The concluding fascicle (parts 5 to 9) of vol. 8 of the 
Reports of the Princeton University Expeditions to Patagonia, which 
is devoted to an account of the flowering plants by Professor Macloskie, 
was issued on February 26th. It brings the total pagination for the 
quarto volume up to 982 and the plates to 31; and in addition to the 
conclusion of the list of species contains an analysis of orders and 
families, a list of collectors, with bibliography, an account of the 
topography of the country, and a chapter on the character and origin 
of the Patagonian flora. 


Vol. 4 of Reiche’s Flora de Chile completes the Composite and 
contains correction sheets for the first four volumes. 


A third ‘Contribution to the Flora of the Bahama Islands,” by 
Britton, is separately issued from vol. 4 of the Bulletin of the New 
York Botanical Garden, under date of March 19. 
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Under the title “‘Preenuncie Bahamenses,” 
series of contributions to a flora of the Bahaman archipelago, the first 
part, issued as Publication 106 of the Field Columbian Museum in 
February, dealing with Amaranthacez, Euphorbiaceze, Rubiacee, 


Millspaugh begins a 


Verbenacee, and Solanum didymacanthum. 


A list of pteridophytes and flowering plants collected in Bermuda 
in 1905 has been privately printed by A. H. Moore, of Cambridge, 
who describes two species of phanerogams as new. 


A local flora of the region readily accessible from Philadelphia has 
been published by the Botanical Club of that city, and is offered for 
sale by Mr. Stewardson Brown, who, with Dr. Ida Keller, has edited 
it. 

Talbot is publishing an account of the distribution of the forest flora 
of the Bombay Presidency and Sind, in current issues of The Indian 
Forester. 


A list of pteridophytes and spermatophytes of Delaware County, 
Pa., is published by Fussell in the Proceedings of the Delaware County 
Institute of Science, of Media, Pa. 


An illustrated account of native edible plants, by seasons, is being 
printed by Rusby in current issues of Country Lije in America. 


A popular guide to the commoner North American trees, intended 
for the novice and largely illustrated, has been issued by Julia E. 
Rogers from the press of Doubleday, Page, and Co., of New York. 


Volume 1 of de Wildeman’s “ Etudes de systématique et de géo- 
graphie botanique sur la flore du Bas et Mayen-Congo”’ has been 
completed by the issuance of a third fascicle from the press of the 
Musée du Congo of Brussels. The volume, in quarto, contains 346 
pages and 73 plates. 


A list of 30 timber trees native to the State, with good bark and wood 
photograms of each, is given by Douglass in the fifth Annual Report 
of the State Board of Forestry of Indiana,— which contains other 
interesting papers on the trees of the State and their enemies. 


An account of the southern Appalachian forests, by Ayres and Ashe, 
constitutes Professional Paper No. 37 of the U. S. Geological Survey. 


Lemmon gives a profusely illustrated account of Californian trees 
in Out West, for March. 
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The Flora of Tropical Ajrica, under the editorship of Sir W. T. 
Thiselton-Dyer, reaches Buchnera in vol. 4, sect. 2, part 2, recently 


issued. 


An illustrated paper on new American Coralline alge, by Foslie 
and Howe, is separately distributed from vol. 4 of the Bulletin of the 
New York Botanical Garden. 


An account of the foliaceous and fruticose lichens of the Santa Cruz 
Peninsula, California, by Herre, forms a brochure of the Proceedings 
of the Washington Academy of Sciences issued on March 29. 


A medico-legal study of the spores of the higher fungi is published 
by Offner in vol. 34 of the Bulletin de la Société de Statistique... .de 
UI sére. 


A thesis on the nature and origin of the binucleated cells in some 
Basidiomycetes, by Susie P. Nichols, is separately issued from vol. 15 
of the Transactions of the Wisconsin Academy of Sciences, Arts, and 
Letters. 


The morphology of Gymnosporangium galls forms the subject of a 
paper by de Lamarliére in the Annales des Sciences Naturelles, 
Botanique, of March. 


A further contribution to the literature of sexuality in Uredinez 
is made by Blackman and Fraser in the Annals of Botany for January. 


An extensive paper on the origin and distribution of rust diseases is 
contributed by Eriksson to the Arkiv jér Botantk, vol. 5, parts 1-2. 


An economic account of Glomerella rufomaculans, by Scott, forms 
Bulletin no. 93 of the Bureau of Plant Industry, U. S. Department of 
Agriculture. 


Rehm continues his descriptions of North American Ascomycetes 
in Annales Mycologici. 


A paper on new or rare Pyrenomycetez from western New York, 
by Fairman, forms a brochure of the Proceedings of the Rochester 
Academy of Science, issued in March. 


The fungi of Camembert and Roquefort cheese, from which Peni- 
cilium camemberti and P. roqueforti are described and figured as new, 
are discussed by Thom in Bulletin no. 82 of the Bureau of Animal 
Industry, U. S. Department of Agriculture. 
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Thaxter’s group of Myxobacteria is the subject of an extensive 
illustrated article by Quehl in the Centralblatt fiir Bakteriologie, ete., 
2 Abteilung, of March 6. 


The deterioration of commercial cultures for legumes is noted in 
Bulletin no. 270 of the New York Agricultural Experiment Station. 


An account of Bacillus necrophorus and its economic importance, 
by Mohler and Morse, forms Circular no. 91 of the Bureau of Animal 
Industry, U. S. Department of Agriculture. 


A further discussion of the effect of drying upon the bacteria of 
leguminous root tubercles is contributed by Kellerman and Beckwith 
to Science of March 23. 


A paper on the bacterial flora of the city water of Madrid is pub- 
lished by Madrid Moreno as vol. 3, no. 2, of the Memorias de la Real 
Sociedad Espanola de Historia Natural. 


Bacillus nicotiane, causing a wilt disease of tobacco, is described 
by Uyeda in vol. 1, no. 1, of the Bulletin of the Imperial Central Agri- 
cultural Experiment Station of Japan, issued in December last. 


A new presentation of Myrmecophily, with interesting illustrations, 
is given by Ule in Engler’s Botanische Jahrbiicher of February 27. 


A recent number of the Allgemeine botanische Zeitschrift notes that 
in the K6nigsberg district a fine of 150 Marks has been recently pre- 
scribed as the penalty for each offense, as a means of stopping the 
extermination of a rare plant — Eryngium maritimum. 


The second part of Wittrock’s ‘‘Catalogus Illustratus Iconothece 
Botanice Horti Bergiani Stockholmiensis,” constituting vol. 3, no. 3, 
of the Acta Horti Bergiani, is a thick volume with 151 plates of por- 
traits. 


A sketch of Woronin’s life, with portrait and bibliography, is con- 
tained in a recently issued fascicle of the Travaux du Musée Botanique 
de l Académie Impériale des Sciences de St. Pétersbourg. 


A further ‘‘coéperative memoir” on inheritance in the Shirley 
poppies, with a color plate of petals, is published in Biometrika for 


March. 


An account of some of the old herbaria and books of Cassel is given 
by Schelenz in no. 49 of the Abhandlungen und Bericht des Vereins 
fiir Naturkunde zu Cassel. 
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The dedication of more than one genus to a given individual is the 
subject of protest by Greene in a signature of his Leaflets issued on 
April 10. 


Osterhout publishes papers on osmotic and toxic questions in a 
brochure of the University of California Publications, Botany, issued 
on March 13. 


“The Vital Fabric of Descent”’ is the title of a further presentation 
of his kinetic theory of evolution, by O. F. Cook, in a brochure of 
Proceedings of the Washington Academy of Sciences, issued on March 
19. 


A posthumous paper by Songeon on the mode of development of 
the vegetative organs of a large number of the plants of Savoy is pub- 
lished in vol. 10 of the second series of the Bulletin de la Société d’ His- 
toire Naturelle de Savove. 


A note on protective resemblances in Mesembryanthemum and 
Anacampseros, by Thiselton-Dyer, is published in the Annals of 
Botany for April, with good illustrations which, however, are mutilated 
by the method of insertion in the journal. 


A popular lecture on the sensitiveness of plants is separately issued 
by Kny from vol. 20 of the Naturwissenschaftliche Wochenschrift. 


Recent studies of the reduction division in the sexual nuclei of plants 
are summarized by Agnes Robertson in the opening number for 1906 
of The New Phytologist. 

A handbook of plant-breeding applied to a number of important 
crops, by Fruwirth, is being issued from the Parey press of Berlin. 

Rubber culture in Mexico is the subject of an illustrated article by 
Main in The American Inventor for April. 

An anatomical study of some plants which yield gutta-percha is 
being published by Charlier in current issues of the Journal de Bota- 
nique. 

A readable illustrated article on the plant introduction work of the 
national Department of Agriculture, by Fairchild, appears in The 
National Geographic Magazine for April. 


Some sensible ideas on high-school teaching of biology are given by 
Elma Chandler in School Science and Mathematics for May. 
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Extensive segregation and nomenclatorial revision in a number of 
groups of phanerogams are contained in recently issued signatures of 
Professor Greene’s Leaflets. 


Hefte 23 (Halorrhagacez, by Schindler) and 24 (Aponogetonacee, 
by Krause and Engler) of Engler’s Das Pjlanzenreich have been 
issued recently from the Engelmann press of Leipzig. 

An account is given by Graebener, in the Mitteilungen der deutschen 
dendrologischen Gesellschaft for 1905, of the Magnolias found hardy 
in Germany, and is accompanied by a distributional map for those 
native to the United States. A garden account of the same genus is 
also published by Miller in The Garden Magazine for June. 


A revision of the American species of Parthenocissus is published 
by Rehder in Mitteilungen der deutschen dendrologischen Gesellschaft 
for 1905, which also includes an account of Cercocarpus, by Schneider. 


A number of new American species of Ribes are described in the 
second and third parts of Janczewski’s revision of the genus, separately 
issued in January and May from the Bulletin International de l Aca- 
démie des Sciences de Cracovie. 


A new Burmese species of Eugenia is described and figured by Gage 
in The Indian Forester for January. 


A paper on alfalfa seed and its adulterants and impurities, by 
Roberts and Freeman, forms Bulletin no. 133 of the Kansas State 
Agricultural College. 


White publishes an account of Robinia and its enemies in The 
Popular Science Monthly for March. 


Rubus flavinanus and R. grontianus are described from Vermont, as 
new, by Blanchard in The American Botanist of April and May. 


A note by Ellwanger on Crategus ellwangeriana, with illustration, 
is published in Gardening Illustrated of May 5. 


Four new cacti from Mexico are described by Roland-Gosselin 
in vol. 11, no. 6, of the Bulletin du Muséum d’ Histoire Naturelle of 
Paris. 

A second part of Burgess’ “Studies in the History and Variation of 
Asters,” dealing with the group Biotia and containing a general dis- 
cussion of variability in the genus, forms vol. 13 of the Memoirs of 
the Torrey Botanical Club, issued_on March 15. 
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Anatomical studies of Valerianacez are published by Vidal in vol. 
34 of the Bulletin de la Société de Statistique... . de 'Isére. 

Contrasting seed-figures of Catalpa speciosa and C. bignonioides 
are given in Arboriculture for May. 


The Nepenthes of Madagascar and New Caledonia are revised by 
Dubard in no. 1 of the Bulletin du Muséum d’ Histoire Naturelle of 
Paris, for 1906. 

Courchet has a paper on the morphology and anatomy of Eperua 
jalcata in the Annales de l'Institut Colonial de Marseille, of 1905. 

A morphological-anatomical study of Hura is contributed by Gilles 
to the 1905 Annales de l'Institut Colonial de Marseille. 

A volume of nearly 100 drawings by W. H. Gibson, with descrip- 
tive text by Helena Leeming Jelliffe, is published by Doubleday, Page, 
and Co., under the title Our Native Orchids. Like all of Gibson’s 
work it is sketchy and calculated to stimulate interest in the subjects 
depicted. 

An account of the different sarsaparillas of commerce — without 
determinations of the species of Smilax that furnish them — is given 
by Henry in vol. 14, no. 2, of the Bulletin de la Société Scientifique et 
Médicale de Ouest. 


Habit and trunk pictures of Ficus benghalensis are given in Forest 
Leaves for April. 


An account of his hybrids of Yucca flaccida, Y. filamentosa, and 
Y. treculeana with other species of the genus is given by Sprenger in 
recent issues of the Bullettino della R. Societa Toscana di Orticultura. 

The North American species of Festuca are revised by Piper in 
vol. 10, part 1, of Contributions from the U. S. National Herbarium, 
dated March 30. 

An economic account of Allium vineale as a wheat weed is given by 
Duvel in Bulletin no. 100 of the Bureau of Plant Industry, U. S. 
Department of Agriculture. 


A very broad-leaved cultivated form of Hesperoyucca is described 
in the Gardeners’ Chronicle of March 10 under the name Yucca nitida 
Wright MS. 


An extensive paper on the comparative anatomy and phylogeny of 
Cyperacex is published by Plowman in the Annals of Botany for 


January. 
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A list of Ottawa Eriophorums is given by Macoun in The Ottawa 
Naturalist for May. 


Papers on Calamagrostis, by Forges and Lehbert, with spikelet 
illustrations, are contained in the Mitteilungen des thiiringischen 
botanischen Vereins, n. f., heft 20. 


Enzyme-poison production in Zea is noted by Price in Circular no. 
84 of the Bureau of Animal Industry, U. S. Department of Agriculture. 


An account of the poisoning of horses in South Africa by Ornitho- 
galum thyrsoides is given by Hutcheon in the Agricultural Journal of 
the Cape of Good Hope for February; and Delphinium and other 
stock-poisoning plants of Colorado form the subject of Bulletin 113 
of the Experiment Station of that State, by Glover. 


The natural replacement of Pinus strobus in old fields in New 
England is the subject of Bulletin no. 63, Bureau of Forestry, U. S. 
Department of Agriculture, by Spring. 


A practical little book on Ferns and How to Grow Them, by Woolson, 
has been issued from the Doubleday Page press of New York. 


A new segregate of the ternatum group of Botrychium is published 
by Maxon, under the name B. alabamense in a leaflet of the Proceed- 
ings of the Biological Society of Washington, issued on February 26. 


Léveillé notes the occurrence of Azolla caroliniana in China, in the 
February-March fascicle of the Bulletin de ? Académie Internationale 
de Géographie Botanique. 


The Journals.— Botanical Gazette, February: — Fulton, ‘Chemo- 
‘he Embryology and Development of 


oer 


tropism of Fungi”; Lewis, 
Riceia lutescens and Riccia crystallina”; Livingston, ‘Note on the 
Relation Between Growth of Roots and of Tops in Wheat.” 


Botanical Gazette, March: — Simons, “‘A Morphological Study of 
Sargassum filipendula” ; Schaffner, ‘Chromosome Reduction in the 
Microsporocytes of Lilium tigrinum”; Olive, ‘Cytological Studies 
on the Entomophthoree — I”; Ganong, ‘New Normal Appliances 
for Use in Plant Physiology — III.” 


Botanical Gazette, April: — Olive, “‘Cytological Studies on the 
Entomophthore — II”; Spalding, ‘‘Biological Relations of Desert 
Shrubs — IT”; Eastwood, ‘‘New Species of Californian Plants”; 
Hitchcock, ‘‘Notes on North American Grasses — VI.” 
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The Bryologist, March: — Fink, “‘Further Notes on Cladonias — 
VI”; Grout, ‘Additions to the Bryophyte Flora of Long Island”’; 
Holzinger, ‘‘Grimmia glauca — a New Species or a Hybrid”; Howe, 
*‘Ramalina rigida on the Rhode Island Coast”; Hill, Encalypta 


a Correction” 


procera ; Watts, ‘Australian Mosses —Some Locality 


Pictures.” 


The Bryologist, May: — Britton, ‘Notes on Nomenclature — VI”; 
Watts, ‘Australian Mosses—Some Locality Pictures”; Grout, 
“‘Bryological Notes”; Howe, ‘‘Some Lichens of Mt. Watatic, Mass.” ; 
Harris, “‘A List of Foliaceous and Fruticose Lichens Collected at 
Chilson Lake, Essex Co., N. Y.”; Howe, “ Ramalina rigida in Mass.” ; 
Towle, ‘“ Notes on the Life History of the Mniums.” 


Bulletin of the Southern California Academy of Sciences, December, 
1905: — Pfarish], “Cereus giganteus in California”; Hasse, ‘‘A Few 
Parish, ‘‘A Prelimi- 
VUI.” 

Bulletin of the Southern California Academy of Sciences, March: — 
Davidson, ‘“‘A Revision of the Western Mentzelias”; Parish, ‘A 
Preliminary Synopsis of the Southern California Cyperacese — XI”; 
Grant, ‘‘ Wheelerella.” 


Lichens picked up on San Jacinto Mountain’ 
nary Synopsis of the Southern California Cyperaceze 


Bulletin of the Torrey Botanical Club, February: —Selby, ‘Studies 


in Etiolation”; Kraemer, ‘Studies on Color in Plants”; Randolph, 
“*The Influence of Moisture upon the Formation of Roots by Cuttings 
of Ivy”; Underwood and Lloyd, “The Species of Lycopodium of the 
American Tropics.” 

Bulletin of the Torrey Botanical Club, March: — Evans, “The 
Hepatice of Bermuda”; Rydberg, “Studies on the Rocky Mountain 
Flora — XVI’; Berry, ‘Contributions to the Mesozoic Flora of the 
Atlantic Coastal Plain — I’’; Gleason, ‘‘The Genus Vernonia in the 
Bahamas”; Underwood, ‘‘American Ferns — VI, Species Added to 
the Flora of the United States from 1900 to 1905.” 


Bulletin of the Torrey Botanical Club, April: — Peck, ‘‘ New Species 
of Fungi”; Harris, ‘The Anomalous Anther-Structure of Dicorynia, 
Duparquetia, and Strumpfia”; Harper, “Some New or Otherwise 
Noteworthy Plants from the Coastal Plain of Georgia”; Stockard, 
‘Cytological Changes accompanying Secretion in the Nectar-Glands 
of Viera faba.” 


The Fern Bulletin, January: — Bissell, ““The Fern Flora of Con- 
necticut”; Davenport, “ Botrychium matricariefolium”; Durand, 
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“‘Sporangial Trichomes”’; Clute, “‘Tropical Ferns in Southern States” ; 
Hazen, ‘‘ Dryopteris filix-mas in Vt.” 

The Fern Bulletin, April: — Gilbert, “ Polypedium vulgare and its 
Varieties in America”; Rooney, ‘The Resting of Botrychium”’; 
Clute, ‘‘The Forms of the Cinnamon Fern”; Dukes, ‘‘An Alabama 
Station for Botrychium biternatum”; Clute, “‘The Author Citation” ; 
Winslow, “The Distribution of Botrychia”; Clute, “‘ Polypodiwm 
piloselloides.” 

Journal of Mycology, January: — Morgan, ‘North American 
Species of Marasmius” (continued); Kellerman, ‘‘Uredineous Cul- 
ture Experiments with Puccinia sorghi, 1905”; Arthur, ‘‘Cultures 
of Uredinez in 1905”; Durand, “‘ Peziza fusicarpa Ger. and Peziza 
semitosta B. & C.”; Kellerman, ‘‘ Notes from Mycological Literature 


— XVII.” 


Journal of the New York Botanical Garden, February: — Nash, 
“Notes from the Conservatories”; Wilson, ““The American Dragon’s 


Blood Tree.” 


Journal of the New York Botanical Garden, March: — Nash, “A 
Guide to the Conservatories.” 


Journal of the New York Botanical Garden, April: — Robinson, 
“The History of Botany in the Philippine Islands”; Rusby, ‘A 
Floating Orchid (Habenaria repens)”; Hollick, ‘“‘The Type of 


Zamites montanensis Font.” 


Muhlenbergia, vol. 1, no. 8 (April, 1906): — House, “‘ Nomencla- 
torial Changes in the Orchidacee’’; House, ““A New Species of 
Dichondra”; [Heller], ““Western Species, New and Old — V.” 


Naturalis ebruary: — Schaffner neck List o 
Oh Naturalist, Fek " Schaffner, ‘‘Check List of Ohio 
Trees”; Sumstine, ‘Notes on Anthurus borealis”; Schaffner, ‘‘Sex- 
ual and Nonsexual Generations.” 


Ohio Naturalist, March: — Fischer, ‘‘New and Rare Ohio Plants”; 
Moseley, ‘The Cause of Trembles in Cattle, Sheep and Horses, and 
of Milk-sickness in People” (continued); Schaffner, “‘The Life 
Cycle of a Homosporous Pteridophyte”; Jennings, “Some New or 
Noteworthy Species Reported for Ohio in Recent Botanical Litera- 
ture”; McOwen, “Key to Ohio Catalpas in Winter Condition.” 


Ohio Naturalist, April: — Fischer, ‘‘ Ecological Observations on 
the Flora of the Shale Bluffs in the Vicinity of Columbus, O.”; 
Claassen, “Corrections to the Key to Liverworts”; Schaffner, ‘“‘Win- 
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ter Buds of Ohio Trees and Shrubs”; Van Hock, “‘ Aschochyta pist — 
a Disease of Seed Peas”; Schafiner, ‘‘The Classification of Plants — 
III”; Morse, ‘‘Key to Ohio Alders in Winter Condition”; Stock- 
berger, ‘Further Notes on Anthurus borealis.” 


[Publication] no. 35 of the Manila Bureau of Government Labora- 
tories, issued on January 17, contains part 4 of Merrill’s “New or 
Noteworthy Philippine Plants,” ‘Notes on Cuming’s Philippine 
Plants” by the same author, “Notes on Philippine Grasses” by 
Hackel, Scitamineee by Ridley, and Acanthacee by Clarke. 

The opening numbers of The Philippine Journal of Science contain 
several papers on Cocos. 


Plant World, January: — Hitchcock, “Twigs of Woody Plants” ; 
Livingston, ‘‘ A Simple Method for Experiments with Water Cultures” ; 
Van Hook, ‘‘The Hop-hornbeam or Ironwood”; Whittlesey, ‘The 
Devil’s Tongue.” 


Plant World, February: — Wiegand, ‘The Occurrence of Ice in 
Plant Tissue”; Taylor, ‘““The Georgia Bark or Quinine Tree (Pinck- 
neya pubens)”’; Koch, ‘‘Floral Notes of Foreign Lands.” 

Plant World, March: — Cannon,‘ Two Miles Up and Down in an 
Arizona Desert”; Lloyd, ‘‘The Artificial Induction of Leaf Formation 
in the Ocotillo” [from Torreya]; Koch, ‘‘Floral Notes of Foreign 
Lands” (conclusion); Livingston, ‘‘Paraffined Wire Pots for Soil 
Cultures.” 


Plant World, April:— Leavitt, “The Blooming of an Unusual 
Orchid”; Niles, “‘“Our Moccasin Flowers and other Orchids at 
Home”; Blumer, ““Two Junipers of the Southwest.” 


Rhodora, February: — Bartlett, ‘The Salt-Marsh Iva of New 
England”; Harper, “‘Further Remarks on the Coastal Plain Plants 
of New England, their History and Distribution”; Fernald, “Some 
American Representatives of Arenaria verna’”’; Evans, “‘Notes on 
New England Hepaticee — IV”; Fernald, “Two Variations of Carex 
glareosa”’; Weatherby, ‘An Extreme Form of Botrychium virginia- 
num”; Slade, “‘Early Flowering of Hepatica triloba.” 


Rhodora, March: — Brainerd, ‘“‘Hybridism in the Genus Viola — 
III”; Andrews, ‘Preliminary Lists of New England Plants — XVIII, 
Sphagnacee”; Knight, ““Some Noteworthy Plants of the Penobscot 
Valley”; Riddle, ‘Contributions to the Cytology of the Entomoph- 
thoraceze — Preliminary Communication”; Smith, “‘A New Station 
for Asplenium ebenoides.” 
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Rhodora, April: — Fernald, “The Genus Streptopus in Eastern 
America”; Knight, ‘Notes on some Plants of Bangor, Maine”; Fer- 
nald, ‘The Variations of Carex paupercula”’; Collins, “Intuition as a 
Substitute for Reference.” 


Torreya, February:— Cannon, ‘‘The Effects of High Relative 
Humidity on Plants”; Harris, ‘““Syncarpy in Martynia lutea”; Britton, 
““Notes on West Indian Crucifere”’; Parish, ‘Teratological Notes” ; 
Murmill, ““The Pileate Polyporacez of Central Maine.” 


Torreya, March: — Harper, ‘‘A November Day in the Upper Part 
of the Coastal Plain of North Carolina”; Nash, ‘““A New Begonia 
from Bolivia”; Massee, “‘A Fungus Parasitic on a Moss’’; Rusby, 
“The Home of Dudleya rusbyt.” 


Torreya, April: — Griffiths, “‘ Abnormalities in the Fruiting Habits 
of Opuntias”; Eggleston, ‘“‘Crateegus of Dutchess County, N. Y.’; 
Van Hook, ‘‘A Cause of Freak Peas.” 


Transactions of the American Microscopical Society, vol. 26: — 
Burrill, ‘‘Micro-organisms of the Soil and Human Welfare’; Cle- 
ments, “Relation of Leaf-Structure to Physical Factors”; Bessey, 
“Structure and Classification of the Lower Green Algz.”’ 


Transactions of the Kansas Academy of Science, vol. 20, part 1: — 

Coppedge, “The Effect of Light on Melilotus alba”; Sayre, ‘‘The 
Botanical Features of the New United States Pharmacopeeia”’; 
Meeker, ‘‘A Little Experiment in Flower Making”; Reagan, ‘‘ Notes 
on the Flora of the Rosebud Indian Reservation, South Dakota.” 


Report of the Michigan Academy of Science, vol. 7:— Beal, “‘ Vitality 
of Seeds”; Dandeno, ‘‘‘ Color’ Stimulus and Vital Functions of 
Plants”; Bach, ““Toxie Action of Copper Sulphate upon Certain Algze 
in the Presence of Foreign Substances”; Loew, ‘“‘A Study of the 
Effects of Dilute Solutions of Hydrochloric Acid upon the Radicles of 
Corn Seedlings”; Pollock, ‘‘ Notes on Ganoderma sessile”; ‘‘A Canker 
of the Yellow Birch and a Nectria Associated with it”; “‘A Species of 
Hormodendrum on Araucaria”; Pollock and Kauffman, ‘‘ Michigan 
Fungi”; Stearns, ‘“‘A Study of Plants in Ravines near Adrian”; 
Transeau, ‘‘Climatic Centers and Centers of Plant Distribution” ; 
Bretz, “Winter Field Work in Botany”; Levy, ‘ Anthrax-like 
Bacilli.” 
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